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PREFACE 


The authors have attempted to describe the significant morphological fea¬ 
tures of the fungi, and to show how certain of these features suggest the evo¬ 
lutionary history of this complex group of plants. The task has not been an 
easy one, for this group of organisms is vast in magnitude, and the existing 
knowledge of many forms is meager and often fragmentary. 

It is important that the diligent student of Mycology should know the com¬ 
plexity of the fungi as well as their more apparent general features, and for this 
reason the authors have not hesitated to present detailed descriptions of a large 
number of species, and to discuss relationships which are controversial and even 
problematical. An effort has been made, however, to avoid discussions which 
might unnecessarily confuse the student in his attempt to perceive the probable 
evolutionary origins and the developmental trends of the living fungi. 

No attempt has been made to show the historical background of the science 
of Mycology, and only the general aspects of current theories are discussed. 
The bibliography has been, selected especially to guide the student to more de¬ 
tailed discussions of special*groups. The bibliography is not complete in the 

historical sense, as only the’ more recent literature is cited. 

• % 

Heinz Kern and Ernst Lehmann prepared the original figures appearing 

in the text. Besides these (^reful and painstaking workers, the authors wish to 

thank Dr. A. Rohn, President of the Board of the Swiss Federal Institute of 

Technology for a contributioii whicfi made it possible to illustrate the book 
with particular care. 
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INTRODUCTION 

The fungi are those thallophytes which do not possess chlorophyll. The bac¬ 
teria and Myxomycetes, although they also are thallophytes without chlorophyll, 
usually are excluded from the fungi because of certain features of their structure 
and life history. The bacteria are excluded because they do not possess a true 
nucleus containing chromosomes. The Myxomycetes also are excluded because 
their vegetative cells are not enclosed by a cellulose or chitinous cell wall. If the 
fungi are defined so as to exclude the bacteria and Myxomycetes, they are called 
Eumycetes. However, the use of the term Eumycetes in this sense is not without 
objections because sometimes this term is used also to designate only the higher 
fungi which possess septate hyphae. If the term is used in this latter sense, only 
the Ascomycetes and Basidiomycetes would be called Eumycetes. 

The fungi do not embrace a single, phylogenetically related group. The 

Archimycetes and the true fungi differ fundamentally in the structure of their 
vegetative thalli (figure 1). 

The cells of the vegetative thallus of the Archimycetes are naked and they 
never form a well defined mycelium (figure 13 I). The development of these 
fungi attains only a comparatively primitive level. In most instances, the Archi¬ 
mycetes probably represent degenerate flagellates which have become parasitic. 
They are included in discussions of the fungi mainly because of their impor¬ 
tance as the causal agents of many plant diseases. 

The hyphae of the true fungi are enclosed normally by cell walls. This group 
probably is polyphylogenetic, and the various types originated in all likelihood 
from such autotrophic algae as the Flagellates and Siphonales. Their evolution¬ 
ary descent from the green algae was accompanied by the loss of chlorophyll 
which led them to a parasitic or saprophytic mode of life. Many types also lost 
their ability to synthesize growth hormones and other physiologically important 
substances when their photosynthetic processes were interrupted by the loss of 
chlorophyll. This heterotrophy of the fungi in respect to carbohydrates and 
growth factors is also characteristic of the nutritional physiology of animals 

The evolutionary development of the fungi resulted from disturbances of the 
nutritional physiology of their algal ancestors. After this original step in their 
evolution had been attained, the fungi continued to evolve to a greater or less 
degree along many independent lines. The most important evolutionary trend 
ot the fungi has been toward the development of specialized sexual organs and 
toward the ultimate separation of plasmogamy from karyogamy. These sexual 


Phycomycctcs->4 ■< -Ascomycctcs-[*<-Basidiomycctcs 
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Probable evolutionary development of the major groups of fungi. 
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processes occur at different times in the life history of the higher types of fungi — 
plasmogamy occurring at the beginning of the life of the individual and karyo- 
gamy at the end. The morphological specialization of the fungi has been largely 
toward the increasing complexity of the thallus, which leads ultimately to the 
production of highly specialized fructifications. The fructifications reach their 
highest evolutionary development in the Basidiomycetes (figure 343). 

The true fungi, when defined to exclude the Archimycetes, may be divided 

into three major classes, each of which is characterized by the features of its 

sexual reproduction. These groups are the Phycomycetes, Ascomycetes, and 
the Basidiomycetes. 

Representatives of the Phycomycetes develop the zygote immediately as the 

result of the fusion of sexually mature cells. Special fructifications usually are 
lacking. 

The sexual process of the Ascomycetes is divided into two separate phases. 
The first phase, which is called plasmogamy, consists of a union of the eyto- 
plasm of the sexual cells, and the male and female nuclei are brought thereby 
into close proximity within a single cell. During the second phase, which is 
separated in both time and place from plasmogamy, the sexual nuclei fuse. This 
fusion is called karyogamy and it represents true fertilization in the cytological 
sense. The phase between plasmogamy and karyogamy is called the binuclear 
gr_dikaryophas£. During this phase, the male and female nuclei exist as a pair of 
morphologically separate nuclei, but they exhibit a certain unity in their physio¬ 
logical behavior. The asci form at the end of the binucleate pliase (figure 141). 
The ascus may be regarded as the sporangium within which reduction division, 
or mciosis, takes place. The asci, or sporangia in the morphologieal sense, 

usually are imbedded within special fruiting bodies normally formed by the 
vegetative hyphae (figure 239). 


Specific sexual organs are lacking in the Basidiomycetes, although sexual 
reproduction persists and is carried out by other cells. The binucleate, or di- 
karyotic, hyphae which are nourished by the haploid mycelium in most Asco¬ 


mycetes are physiologically independent in the Basidiomycetes. The binucleate 
hyphae tend to become increasingly important in the life cycle of the Basidio¬ 
mycetes and they finally form the evident fungal mycelium as well as the fruiting 
bodies (figure 343). Basidia form at the close of the binucleate stage (figure 320). 
The basidia represent morphologically the sporangia of the Basidiomycetes 
within which meiosis takes place. The spores are formed exogenously on the 
basidium in contrast to their endogenous origin in the ascus of the Ascomycetes. 

The fungi may be divided into four classes on the basis of the sexual charac¬ 
teristics described above: the Archimycetes, the Phycomycetes, the Ascomy- 
cetes, and the Basidiomycetes. 
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Class I. Archimycetes 


The Archimycetes, or the “primitive” fungi, are characterized by three 
features: 

1. The vegetative cells do not have cell walls, and the individual cells are 
not recognizable as separate units. 

2. The entire vegetation thallus is potentially reproductive under certain 
conditions. The thallus therefore is described as holocarpic. 

3. The Archimycetes live parasitically within the cells of other plants, and 
their mode of life is designated as being endobiotic. 

The following four families are recognized; 


Zoospores with one terminal flagellum (figure 17, I). 

B. Zoosporangia developing from vegetative cells. 

DR ™ , Family 1. Olpidiaceae 

UK. Zoosporangial sori developing from vegetative cells. 

A A « Family 2. Synchytriaceae 

Zoospores with two flagella. 

B. Flagella terminal, unequal in length (heterokont) (figure 12, 2). 

nn n I . , Family 3. Plasmodiophoraceae 

BB. Flagella lateral, equal in length (isokont) (figure 17, 2). 

Family 4. Olpidiopsidaceae 

Our knowledge of the Archimycetes is very incomplete, so only the best 
known and most typical examples will be described. All of the Archimycetes 
whose zoospores bear only one flagellum are not included in the families Olpi- 
laceae and Synchytriaceae. For example, the genus (Cone 

1939), a parastte on the hyphae of Sapro,eg„,a. produces uniflagellate zoospores 
d cates tts relattonsbip to the family Plasmodiophoraceae! A fhorougTund« 

standing of the relationships of the Archimycetes is not possible on the basis o" 

hone" to ciTt f^ngi may 

hope to clarify our present confused opinions concerning it. ^ ^ 


Olpidiaceae 


t 



F-o. 2. The probably phylogenetic relationships of the Archimycetes. 



14 


Cr ,\SS i ■ ARCHIMYCETES — FAMILY I ■ OLPIDIACEAE 


Certainly tj.e chimycetes, as the various types of flagella suggest, represent 
a phylogenetic.. Iiy heterogenous group. The different ancestral lines which have 
produced ihe modern forms have attained a somewhat similar stage of evolu¬ 
tionary development, but they exhibit few relationships to each other (figure 2) 
The modern groups resemble each other chiefly in their naked and often amoe¬ 
boid thallus, and because of these characters, they are derived from the flagel¬ 
lates by many students and are grouped with the Myxomycetes. Many authors, 
for example Fitzpatrick (1930), Karling (1932), and Sparrow (1943), con¬ 
sider the superficial similarities of the members of the Archimycetes to be of 
little significance since they could have acquired by unrelated forms because 
of their parasitic habitat. These authors do not recognize the Archimycetes 
as a separate class of fungi, but consider them as degenerate forms of various 
types of Chytridiales. This concept of the origin of the Archimycetes empha¬ 
sizes the fact that the flagella of the zoospores of both the Archimycetes and 
Chytridiales are essentially similar in the details of their formation and struc¬ 
ture, as for example in Rozella and Rhizophidium (figure 17, 7 and 3). 


Family 1. Olpidiaceae 

The morphological features of the family Olpidiaceae are very simple. The 
entire body of any cell may develop to form a zoosporangium. 

Olpichum viciae Kus. may be considered as an example of the Olpidiaceae. 
Kusano (1912) discovered this species in Japan parasitizing Vida unijuga A. 6r. 

Asexual development: The uniflagellated zoospore swims about on the moist 
surface of the host. During intermittent short rest periods, it may creep 
the substratum by an amoeboid movement (figure 3, /). The period of motility 
may continue for as long as 24 hours, but finally the zoospore comes to rest on 
the surface of the leaf, retracts its flagellum, and forms a cell wall. The cell wall of 
an epidermal cell of the host plant is penetrated by the organism, and the naked 
protoplasm of the parasite enters the host cell. The empty cell wall of the para¬ 
site remains on the surface of the host. Once within the host, the amoeboid 
parasite lies close to the host nucleus, and finally absorbs it (figure 3, 2-3), After 
several days, the parasite again forms a cell wall and becomes a zoosporangium. 
The sporangium matures after five to ten days, and it then forms a needle-like 
extension which penetrates the outer wall of the host. The zoospores are dis¬ 
charged on the external surface of the host through this exit tube (figure 3, 4-5), 

Sexual development: The zoospores function as gametes under certain con¬ 
ditions, especially if they are liberated from over-mature zoosporangia. The 
gametes are not sexually differentiated and they therefore are called planoga- 
metes. Copulation, or plasmogamy, occurs during one of the recurring amoe¬ 
boid resting stages (figure 3,6). The biflagellate zygote continues to swim about 
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With intermittent resting periods, but like the zoospore it finally comes to rest 
on the surface of the host and forms a cell wall. The wall of the host cell is 
penetrated and the naked, binucleate protoplast is discharged into the host cell 
(figure 3, 7) where it again soon forms a cell wail. A firm exospore, a delicate 
mesospore, and a membranous endospore are evident before the attainment of 
t e resting stage. The fusion of the nuclei, or karyogamy, does not occur until 
the spring of the following year, and then only a few days before germination 
occurs (figure 3, 8). Numerous mitotic divisions of the diploid nucleus soon 
o low. The first division in this series probably is meiosis. During germination, 
the exospore ruptures, the mesospore swells, and the endospore forms an exit 
tube which finally penetrates the outer wall of the host cell. The numerous 
zoospores are discharged on the external surface of the host (figure 3, 9). 



r f- S'l r 

W h'nX ho St cen r f / ' ”7"'" " zoosporangiuo.. 5 en,pty zoos^orang 

nuct" ? ^"ure "eshng rpr% ^ before the union of t- 

7 X600; 5-9 ><1200. (From Kvs.^o mZ mul.inucleate resting spore. x 53 


The life history of Olpidium viciae Kus. may be summarized as follows- 
1. One sporangium develops from a zoospore which is a vegetative cell 
2 The copulating zoospores are not speeifically sexual cells, but are ordinary 

:;rpTarc::“" “ 

ry similar to that of Olpuhum v.aae Kus. For example, Olpidium brassicae 
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(Wor.) Dang, produces zygotes under such unfavorable growing conditions as 
an insufficient supply of carbohydrate. The young protoplasts are uninucleate 
at first, but later, the still naked protoplasts have been observed to contain as 
many as 32 nuclei before the cell wall is formed and before the zoosporangium 
is developed (Nemec, 1912). The copulation of two naked protoplasts of Olpi- 
dium } adicale Schwartz and Cook within a host cell has been observed 
(Schwartz and Cook, 1928). 



Fig. 4. Rozella allomycis Foust. 
I hyphal cell h and two zoo¬ 
sporangia .S' of Allomyces arbus- 
cula Butl. which contain two naked 
young parasites p of Rozella allo¬ 
mycis Foust. At the left of the 
figure, there are two zoosporan¬ 
gia o{ Allomyces containing spiny 
resting spores of the parasite. 2 
the parasite has developed three 
of its own zoosporangia z within 


The representatives of the little known genus 
Rozella live parasitically within the hyphae of 
Saprolegnia. Their zoospores discharge their 
naked protoplasm into a host cell by puncturing 
the external wall just as do the members of the 
genus Olpidium. However, the protoplast sub¬ 
divides to form several portions, each of which 
then forms a sporangium (figure 4, 2). 

Family 2. Synchytriaceae 

The vegetative cells of the Synchytriaceae 
develop into a group of zoosporangia which is 
called a sorus, unlike the cells of Olpidiaceae 
which produce only one zoosporangium. An¬ 
other distinction between this family and the 
Synchytriaceae is that the cells of the Synchy¬ 
triaceae remain uninucleate until the beginning 
of the reproductive process. The nucleus may 
attain a diameter as great as 25 miefons. 

The genus Synchytrium has been thoroughly 
Studied (Tobler-Wolff, 1912). An especially 
well known example is Synchytrium endobioticum 
(Schilb.) Perc. which was magnificently mono¬ 
graphed by Curtis (1921). 

Asexual development: A zoospore comes to 
rest on the surface of a suitable host, withdraws 


a zoosporangium of Allomyces, its flagellum, and forms a delicate cell Wall about 

the uppermost of which is dis- itself. The parasite then dissolves a pore in the 

charging zoospores, x about 650 ^ 

(From Foust, in Sparrow 1943 .) epidermal wall of the host through which the 

naked protoplast enters. Once inside the host, 
the parasite moves, or is carried, to the lower part of the host cell. The empty 
cell wall of the parasite remains on the surface of the host, just as in Olpidium 
(figure 5, 1-4), The presence of the parasite causes the host cell to enlarge and 
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to become pear-shaped. Repeated divisions of the cells of the host tissue sur¬ 
rounding the infected cell produce a characteristic tumor. Under the influence 
of the infected cell, the adjacent epidermal cells also divide, enlarge, and be¬ 
come lignified, ultimately forming a characteristic rosette. The infected cell 
lies in the center of this rosette (figure 5, 6-7). 

The naked protoplast of the parasite ultimately becomes a summer spore 
(figure 5, 5) and secretes a double wall about itself. The outer wall is a thick, 
golden yellow exospore; and the inner, thin, hyaline layer is the endospore.’ 
The further development of the parasite takes place only after the contents of 
the summer spore escape from the enclosing wall. Consequently this spore, and 
similar spores of related species, is called the prosorus. The summer spore, or 








H r f ^xdobioUcum (Schilb.) Perc. Asexual summer cycle, infection of the 

hos and formation of the summer spore. 1 zoospores. 2-3 penetration of the epidermal cell of the 
host. 4 young protoplast p within a hypertrophied epidermal cell, u host nucleus. 5 mature summer 
spore sp. 6 center of infection, the thick enlarged cells in the center i of the rosette are the infected 

CuRT^mn’ ^ I X520: X1270: 4-5 x270; 6-7 x 100. (From 


prosorus, germinates immediately. The endospore extrudes a short exit tube 
through the exospore and the entire protoplast escapes and migrates into the 
upper part of the dead or dying host cell. The period of this migration lasts 
about four hours (figure 6, 1-3). Repeated mitotic divisions increase the number 
of nuclei to about 32. The cytoplasm develops cleavage layers, independent of 
the location of the nuclei, which divide the parasite into five to seven, or rarely 
as many as nine, portions. Each portion surrounds itself with a thin hyaline 
wall (figure 6, 5) and becomes a potential zoosporangium. The nuclei within 

mitotically until their number increases 
to abou 300. The zoosporangia are compressed by the surrounding cells and 

are finally pushed free of the sorus and the disorganized host cells (figure 10) 

^he free zoosporangia then release their numerous zoospores through a narrow 


Sexual development: Zoospores from over-mature zoosporangia may func- 

ir ^ approaches another which has come to 

and fuses with it (figure 7, 1-2). It is unlikely that copulation takes place 

2 GSumann 
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between zoospores originating in the same zoosporangium, although it may take 
place between zoospores from zoosporangia produced in the same sorus. 

The young zygote withdraws its flagella and secretes a thin cell wall. The 
protoplasmic contents enter an epidermal cell of the host in a manner similar 
to that of the zoospore (figure 7, 3-5). The presence of the parasite stimulates 
the host cell to divide repeatedly, causing the cell containing the parasite to 
become buried deeply within the tissue of the host (figure 7, 6). The diploid 



Fig. 6. Synchytrium etidobioticum (Schilb.) Perc. Asexual summer cycle. 1-3 germination 
of the summer spore, s immature sorus. 4 extruded sorus, the future wall is evident by the denser 
cytoplasm. 5 sorus composed of five young, several-nucleated zoosporangia which have just formed 
a true cell wall. 6 mature zoosporangium released from the host and beginning to form a germi¬ 
nation tube. i-3y 5 x270; 4^6 x530. (From Curtis, 1921.) 

parasite finally becomes enclosed within a double cell wall and then it is a rest- 
ing spore. The wall of this resting spore may become further thickened by se¬ 
cretions from the host cell. The resting spore germinates only after a prolonged 
rest period, and usually not until the spring of the following year. Unlike the 
summer spore, the resting spore develops within the initial cell without dividing 
to form sejjgjgi^yjgjgte^^osporangia. After repeated nuclear divisions, the 
first of which probably is reduction division, the protoplasm becomes segmented 
into numerous, uninucleate portions, each of which ultimately becomes a zoo¬ 
spore (figure 7, 7). The contents of the zoosporangium swell and rupture the 
exospore. The endospore produces an exit tube through which the zoospores 
escape (figure 7, 8). 
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The life history of Synchytrium endobioticum (Schilb.) Perc. exhibits several 
charactenstic features. The non-copulating zoospores produce summer spores 
which immediately germinate exogenously. Following this germination, trans¬ 
parent zoosporangia develop. These zoosporangia are extruded from the sorus 
and from the host tissue, and normally only after this has taken place do they 
di^scharge the newly formed zoospores. Zygotes develop from the copulation 
of over-mature zoospores and they ultimately become winter spores or resting 
spores^ The zygotes germinate during the following spring, and zoospores are 
formed endogenously without first developing a morphologically distinct zoo- 
sporangium. The migration of the endospore, and the differentiation of the 

protoplast to form zoosporangia therefore are suppressed during the develop- 
merit of the winter spore. 





F,g. 7. Synchy.num emlobioiicum (Schilb.) Perc. Sexual winter cycle. 1-3 copulation of two 
Planogantetes. .^5 penetration of the young zygote .nto the host cell b young resli^lg spore r 

e^nt T 'saturation of the zoospore primordia. 5 resting spore 

empued of ,ts zoospores. / xlllO; Z-5 x 1270; 5 x270; 7 -S x520. (From Curt, s 192m 


The life histones of other species of Synchytrium differ in certain details from 
hat oi Synchytrium endobioticum (Schilb.) Perc. (see table 1). Synchytrium 
taiaxaci dQ By. and Won, a species parasitizing Taraxacum, is closely related 
o Synchytrium endobioticum (Schilb.) Perc. The summer spore develops to form 
the usual sorus while the winter spore does not, just as in Synchytrium endo- 

icum( c 1 .) ere.; but on the other hand, the migration of the endospore 


Table I. Types of spore germination of species of Synchytrium. (From Kusano 1930.) 


Species 

Germination of 
the summer spore 

Germination of 
the winter spore 

S. endobioticum (Schilb.) Perc. 

S. taraxaci de By. and Wor. 
S.futgens Schroet. 

S. aureum Schroet. 

S. puerariae Miy. 

‘S', decipiens Farl. 

exogenous with sorus 
endogenous with sorus 
endogenous with sorus 

endogenous with sorus 
endogenous with sorus 

1 

endogenous without sorus 
endogenous without sorus 
exogenous with sorus 
exogenous with sorus 
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of the germinating summer spore does not occur. Consequently, the zoospo- 
rangia and the zoospores are differentiated within the prosorus or initial cell. 

ynchytnum julgens Schroet. parasitizes species of Oenothera. The asexual 
summer spore, as well as the sexual winter spore, germinates to form a sorus 
consisting of several zoosporangia (figure 8). The sorus produced by the sum¬ 
mer spore develops endogenously as in Synchytrium taraxaci de By. and Wor., 
and therefore it never appears as a separate morphological unit. On the other 
hand Kusano (1930) has observed that the sorus produced by the winter spore 
develops exogenously. The formation of either the summer or winter spore is 
suppressed m some species Synchytrium. For example, in Synchytrium aureum 
bchroet which parasitizes more than a hundred species of flowering plants of 
widely different families, and in other related species oi Synchytrium only winter 
spores are produced which germinate exogenously with the formation of sori 



n„2rM f fulgens Schroet., according to Kusano, 1930. Arabic 

umerals refer to the asexual summer cycle. J zoospore. Z zoospore forming a cell wall at the 

h ‘s at the beginning of infection of the host. S growing protoplast 

wi in e ost ce . 4 immature summer spore. 5 beginning of the stage of nuclear division in the 
summer spore. 6 segmentation of the endogenous sorus to form zoosporangia. 7 mature rupturing 
summer sorus. 8 summer zoosporangium free from the host tissue and containing zoospores. 

Roman numerals refer to the sexual winter cycle. I two planogametes. II copulation of the 

young binucleate zygote. /L zygote after fusion of the nuclei. F growth of the 
na e parasite within the host cell. F/immature resting spore. K//mature resting spore. VIII he- 
ginning o germination of resting spore, migration of the endospore and its contents. IX probable 
meiotic division. Ysegmentation of the exogenous sorus to form zoosporangia. Y/mature,dehiscing 
sorus. XII winter zoosporangium freed from the host tissues and containing swarming zoospores. 



DEVELOPMENT OF SYNCHYTRIUM 21 

(figures 9 and 10). However, Synchytrium dedpiens Farl., a North American 
species parasitizing the legume, Amphicarpaea mouoica Bull., and Synchytrium 
pueranae Miy. a Japanese species parasitizing the legume, Pueraria Thunber- 
giana Benth., both possess only thin-walled summer spores which produce 
endogenous son. The segmented portions of the protoplasm of Svnchrtriwn 



Ho. 9. Synchytrium aureum Schroet. 
Resting spore within a hypertrophied epi¬ 
dermal cell, surrounded by a small gall-like 

mass of proliferating tissue. x93. (From Rytz 

1907.) 



Fig. 10. Synchytrium aureum Schroet. 
Resting spore r with the sorus .s- already seg¬ 
mented into zoosporangia, x 255. (From Rytz 
1907.) 



ment oi Spirogyra, matured to formrspL^summerspo'l^nrXf‘^ ^ 
the endospore has been released and is becoming segmented to “f Ihe summer spo 


dedpiens barl., which develop to form the zoosnoranmn nro i 

H*rp„r ,1899) called these uninudeate segments protospores 

incomplete. Members of the genus MIcromyces parSit.ze ihe r “ 
group of green algae. The zoospores of these specks ct , “ 

of .he algae, develop cell walls, and then discharge their ^VeV^LopkrLt 
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the host cells. The parasite lies near the nucleus of the host, and after a period 

of growth, forms a thick-walled summer spore (figure 11,7). The summer spore 

germinates exogenously as in Synchytrium endobioticum (Schilb.) Perc., and 

forms a sorus composed of angular zoosporangia. The wall of the sorus bursts 

and releases the zoosporangia. The zoosporangia then release the zoospores 

through one or more pores. These species also produce thick-walled resting 
spores whose development has not yet been observed. 

If we wish to theorize concerning the possible ancestors of the Olpidiaceae 
and Synchytriaceae, we must eliminate the Myxomycetes and uniflagellated 
brown algae of the type of Myxochrysis on a priori grounds since the flagella 
of their zoospores are anterior, while those of the Olpidiaceae and Synchytria¬ 
ceae are posterior. On the other hand, we might seek relationships between 
these fungi and the autotrophic green flagellates of the type of Chlorochytridion 
(ViscHER, 1945). Although these flagellates possess a green chromatophore 
which produces starch, their flagella are posterior. 


Family 3. Plasmodlophoraceae 

The family Plasmodiophoraceae includes those Archimycetes possessing bi- 
flagellated, heterokont zoospores (figure 12,2) and producing a true plasmodium 
within the cells of the host. A true plasmodium is a naked, multinucleate, 
morphologically independent, vegetative thallus. One of the flagella is shorter 
than the other and oscillates in the direction of locomotion which is usually 
forward. The longer flagellum oscillates towards the rear. 

It is unfortunate that the life history of not a single representative of the 
Plasmodiophoraceae is known completely, not even that of the causal agent of 
the club root disease of cabbage nor that of the powdery scab of potato. There 
are, ntoreover, many contradictions and uncertainties concerning those stages 
of the development which have been observed becauseoftheunusual minuteness 
of the organisms and because of the numerous technical problems involved in 
laboratory studies. It has long been assumed that the nuclei divide by a pro- 
mitotic process similar to that occurring in some types of amoeba, but recent 
investigators have described well defined chromosomes and spindle formation. 
Another example of our uncertainty concerning the Plasmodiophoraceae is the 
lack of agreement as to the number of their flagella. It has been believed that 
the zoospores possess only one flagellum, but Ledingham ( 1 934) described zoo¬ 
spores of both forms mentioned above which possess two flagella of unequal 
length. 

A few species of Plasmodiophoraceae parasitize higher plants; others para¬ 
sitize algal filaments or fungal hyphae. The genera comprising this family may 
be recognized from the following key; 
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A. 

AA. 


Resting spores not grouped, lying free within the host cell. }. Plasmodiophora 

Resting spores grouped in small balls, or in more or less compact cystosori. 

B. Resting spores grouped in diads, tetrads, or octads. 

C. Resting spores usually in diads or tetrads. 2. Tetramyxa 

CC. Resting spores usually in octads. 2 . Octomvxa 

BB. Resting spores grouped in cystosori. 


C. Cystosorus spongy, not hollow. 
CC. Cystosorus a hollow’ sphere. 


4. Spofjgospora 

5. Sorosphaera 


Plasmodiophora brassicae Wor., the causal agent of the club root disease of 
cabbage, may be regarded as an example of the genus Plasmodiophora. The life 
history described below is based on the monograph of Karling (1942 a). 

Asexual cycle: The resting spores are dispersed in the soil by the disintegra¬ 
tion of the host cells, and they germinate to produce heterokont zoospores 
(figure 12, 1-2). The larger resting spores which contain a greater number of 
nuclei produce a correspondingly greater number of zoospores. The motility 
of the zoospores is interrupted by recurring periods during which their move¬ 
ment IS amoeboid. The zoospore finally comes to rest on a root hair or on 
some other young epidermal cell of a suitable host plant, withdraws its flagella, 
and surrounds itself with a delicate cell wall. The protoplast escapes from this 
wall and enters the cell of the host (figure 12, i). If a resting spore should come 

m contact with a root hair, the naked protoplast may penetrate the host cell 
without first forming swarm spores. 



Fio. 12 . 6ra«7cae Wor. Asexual development / resting • 

and releasing a zoospore. 2 heterokont zoospores, i empty zoosoZJ T germinating 

L., the parasite has entered the rLt hafr. 7 p'Lmodil""" 
cell walls of the cambial zone of the host. 5 multinucleate plasmodium in "a'7orhair°7 un7 
nucleate fragment of the plasmodium which has separated from the mother oHsmo r i i ' 

.s developing into a summer sporangium. 7-S stages of devlpLnt of th! s m ’ “ 

P immature summer sporangium with four naked masses of protonlasm h' f"®'' sporangium, 
become zoospores. JO large segmented plasmodium wTose seg^n 's 
about 1100; 2 xabout 2000; ixabout 670; 4 xabout HO 

Honio, 1931; 2 from Ledingham, 1934; ifromRocHUN 1933 - Jr ^ ^ ^3000. (/from 

Cook and Schwartz, 1930 .) 1933. 4 from Kunkel, 1918; 5-/0from 
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The parasite dcveiops into a multinucleate plasmodium within the host cell. 
The total number of nuclei may be as great as 200 to 300 (figure 12, J). The 
plasmouium may break up into daughter plasmodia by a budding-like process. 
This type of vegetative multiplication sometimes is called schizogony. The 
mother plasmodium is called the schizont and the daughter plasmodia are 
called meronts. The young plasmodia partially dissolve the cell walls of the host 
tissue and migrate by amoeboid movement from cell to cell (figure 12, 4). The 



Fig 13. Phsmodiophora brassicae Wor. Probable sexual reproductive cycle. 1 vacuolafed, 
originally diploid plasmodium after meiosis. 2 beginning of segmentation of the plasmodium.' 

3 nuclear division in a meront. 4-5 rounding up of the immature resting spores. 6 immature resting 
spore. 7 host cell nearly filled with resting spores. 1-2 xabout 1500; 3-(5xabout 1100- 7x 350 
(/-d from Lutman, 1913; 7 from Woronin, 1878.) 

plasmodia extend pseudopodia of hyaline cytoplasm into which flows the mass 
of remaining protoplasm. At the onset of unfavorable conditions, the plas¬ 
modium or its segments may secrete a firm, external, wall-like layer, thereby 
encysting itself (figure 12, JO). On the return of normal conditions, this pro¬ 
tective layer is dissolved and the plasmodium resumes its normal activities. 

When the plasmodium has reached maturity, it becomes segmented into 
uninucleate portions which become rounded in form (figure 12, 6). The nucleus 
divides two or three times and then each rounded portion, now multinucleate, * 
becomes enclosed by a delicate, hyaline wall. In this stage, the segment may 
be regarded as a summer sporangium (figure 12, 9). The cytoplasm within this 
summer sporangium segments into uninucleate portions which become pyri¬ 
form heterokont zoospores. The zoospores are released into the soil by the 
disintegration of the host tissue, and a new cycle of infection begins. 

Probable sexual cycle: Sexual fusion in the life cycle of Plasmodiophora 
brassicae Wor. has not been observed with certainty. The sexual stages can 
only be assumed from analogies with better known members of the Plasmodio- 
phoraceae. According to one theory, the zoospores function as planogametes 
and copulate in pairs. The young zygote then penetrates the epidermal cell of 
the host and develops a multinucleate diploid plasmodium. When reproductive 
maturity is attained, the nucleus loses its ability to absorb the usual laboratory 
stains. During this stage the nucleus appears as a nearly empty, vacuolate 
structure in the cytoplasm, surrounded by numerous deeply colored chromidia. 
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The nucleus regains its ability to absorb stains, and meiosis is completed by the 
next two nuclear divisions (figure 13, 1). The plasmodium then segments into 
uninucleate portions which become rounded and are finally enclosed by a re¬ 
latively thin cell wall (figure 13,2-7) forming resting spores. The diameter of 

the resting spore is about four microns. Ultimately, the resting spore germi¬ 
nates to form a zoospore (figure 12, 1-3). 



Fig 14. Sorosphaera veronicae Schroet. Development of the cystosorus. J meiosis. 2-3 young 

naked resting spores grouping to form the cystosorus. 4-5 stages in development of the cystosorus. 

d mature cystoson within the host cell. 7-5 x620; 6 x400. (7-5 from Maire and T, son 1909- 
6 from Palm and Burk, 1933.) 


If this description of the cycle is correct, then Plasmodiophora exhibits a 
sexual cycle similar to that of Olpidium and Synchytrium except that the vegeta¬ 
tive body Plasmodiophora is a plasmodium developing within the cells of the 
host plant. Since this plasmodium is multinucleate, a correspondingly large 
number of summer spores or resting spores are differentiated. 

The resting spores of other genera of Plasmodiophoraceae adhere forming 

more or less compact groups. Often these clumps form characteristically shaped 

cystosori. For example, the cystosorus of Tetramyxa, a parasite attacking the 

^ots of certain bog plants, usually is comprised of four resting spores. Couch 

Beitner and Whiffen (1939) have shown that the cystosorus of Octomyxa a 

genus which parasitizes the hyphae of the Saprolegniaceae, is composed almost 
always of eight resting spores. 

In the genus Spongospora, a group which parasitizes the roots of many spe¬ 
cies of flowering plants and especially potato tubers, the cystosorus is a spongy 
structure composed of numerous resting spores (figure 15, 4). The cystosorus 

of Sorosphaera (figure 14), a genus also parasitizing the roots of flowering plants 
assumes the form of a hollow sphere (Webb, 1935) 

The life hhiory olSpongospora, the causal agent of powdery scab of potatoes 
IS known only in part, but in some respects it is similar to the life history of 
Plasmodiophora hrassicae Wor. The resting spore normally germinates to form 
one zoospore which develops a cell wall. The naked protoplast escapes this wall 
and enters a root hair of the host plant. If a potato tuber is the host, entry is 
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effected through a lentical. Within the host, the protoplast develops a multi- 
nucleate Plasmodium which may migrate through the tissues of the host and 
finally reach cells a considerable distance from the original point of infection. 
The migrating plasmodium may become fragmented to form several plasmodia, 



Fig. 15. Spongospora suhterranea (Wallr.) 
Lagh. 1-2 heterokont zoospores. 3 two zoospores 
which probably have just copulated. 4 host cell con¬ 
taining eight spore masses. 1-3 X about 1300; 4 x 
600. U~3 from Ledingham, 1935; 4 from Osborn, 
1911.) 


or it may fuse with adjacent plas¬ 
modia. The plasmodium may se¬ 
crete an outer wall-like layer to 
protect itself against unfavorable 
conditions. When mature, it seg¬ 
ments to form summer sporangia 
which in turn immediately ger¬ 
minate to form zoospores. Under 
some conditions, two zoospores 
may copulate (figure 15, 3). The 
resulting zygote grows within the 
host cell and develops a diploid 
plasmodium. The nucleus under¬ 
goes the same phases of chroma¬ 
tin disappearance and reduction 
division as have been described for 
Plasmodiophora brassicae Wor. 
Finally the plasmodium segments 
to form a cystosorus composed 
of a spongy ball of resting spores 
(figure 15, 4), 


The existence of the true plasmodium of the Plasmodiophoraceae is remi¬ 
niscent of the Myxomycetes, and consequently the Plasmodiophoraceae some¬ 
times are designated as the parasitic Myxomycetes. This comparison of these 
groups is based on the fact that their vegetative bodies are similar and that the 
zoospores of many Myxomycetes are also biflagellate and heterocont (Elliott, 
1949); but is also possible that the Plasmodiophoraceae are related by their 
evolutionary ancestors to the heterokont green flagellates of the type represen¬ 
ted by the genus Myxochloris Pascher (1939). Myxochloris sphagnicola Pasch. 
develops multinucleate plasmodia in the large water cells of Sphagnum. These 
plasmodia are enclosed by cell walls and under proper conditions they germ¬ 
inate to form binucleate heterokont swarm spores. 


Family 4. Olpidiopsidaceae 

The family Olpidiopsidaceae has been defined by Karling (1942 b) as in¬ 
cluding those Archimycetes possessing biflagellate isokont zoospores, and form- 
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ing a true plasmodium within the host cell. The Me\\\s\.oxyo^Olpidiopsisachlyae 
McLarty has been described in detail and this species may serve as an example 
of the reproductive cycle of the family (McLarty, 1941 ). 

Asexual cycle. The zoospores are oval or more or less reniform in shape 
and possess two flagella of equal length. The flagella are attached laterally 
towards the narrow end of the cell (figure 16, 1). One flagellum is ciliated and 
the other is whip-like (figure 17,2). After a period of motility, lasting from only 



Fig. 16. Olpuliop.^, achlyae Mch-.iny. Asexual development. / isokont zoospore. 2 zoo¬ 
spore which is enclosed by a cell wall and which has discharged its naked protoplast through an 

the^ho°t" ^ streaming protoplasm of 

he host cell 4^5 zoospores enclosed by cell wall and developing infection tubes. 6 plasmodia in 

an .4c/t/ya cell having one, two and six nuclei. 7 part of a multinucleate summer sporangium in an 

Adilya cell 8 segmentation of sporangium contents. 9-/2 germination of a summer sporangium 

m an zfc/,/>a cell. / xl400; 2-7 xaboutllOO; S x800; 9-12 x420, (From McLarty, 1941.) 


a few minutes to half an hour, the zoospore comes to rest, rounds up, and re¬ 
tracts Its flagella. After a few minutes, the flagella are again extruded and 
motility is regained, but finally the zoospore again comes to rest If it comes 
in contact with a hypha of Aclilya, the flagella are withdrawn and amoeboid 
movement continues for a few minutes. The protoplast then rounds up and 
secretes a delicate cell wall. The naked protoplast excapes through a short 
germination tube and enters the hyphal cell (figure 16,2) where it is carried along 
m the streaming cytoplasm of the host (figure 16, i). Sometimes, germination 
ot the walled zoospore does not occur in direct contact with the host but at 
some distance from the ylgal filament. If germination occurs some distance 
trom the host, the zoospore develops a long, delicate, frequently branched 
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germination tube which resembles the haustorium of the higher fungi (figure 16, 

The parasite grows within the host cell and undergoes repeated nuclear 
division. The thallus enlarges to several times its original size (figure 16, 6) and 
soon reaches maturity. A delicate cell wall forms just before the reproductive 
phase (figure 16, 7) and the development of the summer sporangium. The sum¬ 
mer sporangium becomes segmented into uninucleate portions, each of which 
becomes a zoospore. The zoospores are discharged externally through a tube. 

Diel (1935) has described discharge tubes of Olpidiopsis saprolegniae Barr, as 
long as two millimeters. 

Sexual cycle: The plasmodia copulate after they have developed cell walls. 
The copulating plasmodia probably represent young gametangia. By the time 
the protoplasm of the host hyphal cell is consumed, the parasite has developed 
one or more small, multinucleate, male plasmodia in the vicinity of a larger 
multinuclea’te female plasmodium. The difference in the sizes of the copulating 
plasmodia indicates that Olpidiopsis is heterothallic and heterogamous. Each 
of the copulating plasmodia is enclosed at first by a thin cellulose wall. When 
the reproductiye process occurs, this wall dissolves during a resting stage and 
then the complete protoplasmic contents of the male gametangium migrate 
through a fertilization pore into the female gametangium. A single male 
gametangium, or several, may discharge into the female. 

The fate of the male nuclei is unknown. The em'pty cell wall of the male 
gametangium remains attached to the zygote. The zygote forms a dense, brown 
endospore and, perhaps under the influence of the host cytoplasm, it also forms 
a hyaline spiny exospore. In this stage, the zygote has developed to form the 
resting spore. The female gametangium may develop parthenogenetically if 
copulation does not occur. In this case, no empty cell walls are attached to the 
zygote. The resting spore develops into a zoosporangium and releases its bi- 
nucleate zoospores through a discharge tube (Shanor, 1939). 

The studies of Cook and Nicholson (1933) have shown that the reproduc¬ 
tive cycle of the genus Woronina, a group which parasitizes the cells of aquatic 
fungi or algae, probably is very similar to that of Olpidiopsis. The plasmodium 
of Woronina develops a dense aggregation of small resting spores in a manner 
yet unknown. This group of resting spores is similar to the cystosorus of the 
higher members of the Plasmodiophoraceae. 

The family Olpidiopsidaceae comprises a special group in the Archimycetes 
not only because of the formation of the infection tube and the discharge tube, 
both of which resemble hyphae, but also because copulation occurs between 
structures possessing cell walls. These characteristics are so typical of the Chy- 
tridiales that some mycologists consider the Olpidiopsidaceae to be degenerate 
examples of the biflagellate Chytridiales. 


Class II. Phycomycetes 


The more primitive Phycomycetes exhibit morphological characters so si¬ 
milar to those of the green algae that they are frequently regarded as algae which 

have lost their chlorophyll, and consequently they may be designated as the 
“algal fungi”. 

The Phycomycetes differ from the Archimycetes in that their vegetative cells 
are always enclosed by cell walls. The lower and most primitive forms com¬ 
prise the order Chytridiales. The thallus of these forms normally consists of 
one cell containing one nucleus. 

The thallus of the Phycomycetes does not become wholly reproductive at 
maturity as in the Archimycetes. Some cells remain purely vegetative through¬ 
out the reproductive cycle while others are differentiated to form specialized 
reproductive cells. Thalh which develop special reproductive cells while retain¬ 
ing some cells in the vegetative condition are termed eucarpic^-in contrast to 
those forms inwhichall cells are potentially reproductive, as in the Archimycetes 
which are designated as holocarpic. The thallus of the higher examples of the 
Phycomycetes forms a true mycelium. The hyphae comprising the mycelium 

do not possess cross walls, and therefore they are multinucleate and coen- 
ocytic. 

Reproduction of the Phycomycetes occurs both asexually and sexually 
Each of these processes ^es special functions in the life history of the organism 
Asexual reproduction serves primarily for the multiplication and the dissemina¬ 
tion of the species, while the sexual reproductive cycle insures the preservation 
of the species through unfavorable periods by the production of resting spores 

The taxonomic arrangement of the Phycomycetes is based on the character- 
r ':®8®tative thallus, the types of flagella on the zoospores, and on 

e characteristics of the sexual reproductive cycles. Five orders may be re¬ 
cognized from the following key ^ c re 

i 2-/ - 

A. Vegetative thallus usually single-celled. Zoospores with one posterior Hagellum. 

1. Order C//,v//-/V//V7/e.s (see page 31). 

AA. Vegetative thallus-a true coenocytic mycelium. 

B. Zoospores bearing one flagellum. 


C. Sexual fusion occurring between planogametes. 

2. Order Blastocladiales (see page 44). 
CC. Sexual fusion occurring oogamously. 

/ ^onoblep}{aridales{?,QQXi2i^Q,S\)^ 
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BB. 


Zoospores, when present, bearing two flagella. 

C. Sexual fusion oogamous. 4. Order Oomycetes (see page 54). 

CC. Sexual fusion zygogamous. 

5. Order Zygomycetes (see page 23). 


These five orders of Phycomycetes differ in the chemical nature of their cell 
walls. The walls of the Ch^ridiales, BlastocMales, and Zygomycetes con¬ 
tain chitin, while the walls of the Monoblepharidales and Oo mycete s contain 
cellulose. The similarity of the chemical nature of the peripheral material 
in the cell walls suggests a relationship between certain orders, but ihis che- 

mical similarity does not neces¬ 



sarily indicate phylogenetic rela¬ 
tionships. The chemical methods 
used for the determination of 
these components of the cell wall 
are inadequate, and only the re¬ 
cently developed X-ray diffraction 
pattern techniques are reliable. 
An even more impressive basis for 
doubting the phylogenetic value 
of these chemical properties is the 
fact that the cell walls of members 
of several genera contain both 
chitin and cellulose. Nabel(1939) 
found that this condition existed 
in the genus Rhizidiomyces which 
is inclueded in the Chytridiales. 
Later, a similar situation was re¬ 
ported by Thomas (1942, 1943) 
for Pythium and Phytophthora, 
genera classed with the Oomy¬ 
cetes. Our knowledge of the cell 
walls of fungi is too incomplete 
to permit phylogenetic relations- 


Fig. 17. Types of flagellation of the zoospores 

of some Archimycetes and Phycomycetes. I Rozella 
sp. 2 Olpidiopsis saprolegniae (A. Br.) Cornu, i Rhi- 
zophidium carpophilum (Zopf) A. Fisch. 4 Clado- 
chytrium sp. 5 Nowakowskielia elegans (Now.) 
Schroet. 6 Allomyces moniliformis Cok. and Braxt. 
7 Monoblepharis regignens Lagh. 8 Rhizidiomyces 
apophysatusZopf. 9Saprolegniaferax{Gm\X\\.) Thur., 
/ first swarm stage, 7/ second swarm stage. JO Py¬ 
thium sp. xlIOO. (Modified from Couch 1941.) 


hips to be inferred from their 
chemical composition. 

The probable phylogenetic re¬ 
lationships between the five orders 
of Phycomycetes are indicated 
graphically in figure 1. This figure 

is based on the characteristics of 

0 

specific examples. 
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saDronhvtl A f as parasites or as aquatic 

raL The Vf T soil. Their distribution is spo- 

mterestmg order is very much larger than the brief discussion below would 

The Chytridiales propagate asexually by zoospores. The types described 
below possess one posterior flagellum (figure 17, i-5). However, there are chy- 

y laceae, m which the flagellum is anterior. The zoospores of others^for 
example members of the genera Rcrroge/Za and Eurychasma, bear two laterally 


Jnopcrculatac r 
Cladochytriaccae 

. t 

Rhizidiaccae 

Rhizophidiaceae 


Opcrculatae : 



Afcgachytriaccac 

▲ 


Chytridiaccac 



Flageliatae 


Fig. 18 . 


Schematic representation of the phylogenetic relationships of the Chytridiales 


on .he bar'rourpr:s:«tz"p,«: r°“T 

we recognize two major groups on .heZis^MhHytTdeh''"''”* 

an open pore, while the zoosporangium of the Onerr ^ t ^ ^^^^pores through 
a lid or operculum. The vegetative thalli of both series^^avT^'h ^ 
through parallel lines of evolution from the RhizophidiLTae and Ch'^H 

dehiscence of the sporangium is not witLut certain obiecb 

and if this is true, the process could be repeated in ntt. Inoperculatae, 

uc repeated in other groups. On the other 
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hand, Sparrow’s concept is supported by the order Pezizales in the Ascomy- 
cetes in which the mechanism of dehiscence of the asci is recognized to be of 
phylogenetic significance. 

The phylogenetic ancestors of the Chytridiales cannot be assumed logically 
to be the cell-walled autotrophic algae because no analogous algal form is 
known to possess a trailing flagellum. On the other hand, the vegetative thallus 
of the higher algal heterokonts may have reached the same evolutionary stage 
as that exhibited by the Chytridiales. But one must assume that our rapidly 
advancing knowledge of the tropical algae might disclose uniflagellate forms of 
a corresponding evolutionary stage of development. If such algal forms should 
be discovered, they could be considered the direct ancestors of the Chytridiales. 
The inoperculate series would be represented by a form of the algal type of the 
Characiopsidaceae, and the operculate series by one of the type of Chloro- 
theciaceae. 

Series I. Inoperculatae 

The Inoperculatae are grouped in three families depending on the degree 
of the development of the thallus (figure 18). The thalli of the Rhizophidiaceae 
and Rhizidiaceae are monocentric, that is, the thallus possesses a single area 
which is able morphologically and physiologically to develop the reproductive 
organs. The thallus of the Cladochytriaceae is polycentric since the reproduc¬ 
tive organs may develop from various areas of the plant body. 

The families Rhizophidiaceae and Rhizidiaceae are separated from each 
other on the basis of the degree of development of the rhizoid system of the 
thallus. The rhizoids are relatively simple in the Rhizophidiaceae, but they 
attain a definitive hyphal character in the Rhizidiaceae. 

* 

Family 1. Rhizophidiaceae • 

The Rhizophidiaceae is the most primitive family of the Chytridiales. The 
thallus is composed of delicate rhizoids which absorb food from the substratum. 
The three genera described below, Rhizophidium, Dangeardia, and Entophlyctis^ 
are examples of the epibiotic type which forms fructifications on the surface .of 
the host plant and also of the endobiotic type which forms fructifications within 
the tissues of the host. 

The representatives of the genus Rhizophidium live parasitically or sapro- 
phytically on algae, zooplankton, pollen grains, etc. It is comparatively easy 
to isolate Rhizophidium pollinis (A. Br.) Zopf from pine pollen floating on 
stagnant water (figure 19). 

Asexual cycle: A zoospore comes to rest on a suitable substratum, secretes 
a cell wall, and then develops a rhizoid which penetrates the host. The zoospore 
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is nourished by food drawn from the host and ultimately develops into a zoo¬ 
sporangium (figure 20). When the zoosporangium is mature, its zoospores are 
released through one or more germination pores. 






Fig. 19. Rluzophidiiim polhnis (A. Br.) Zopf. 1 zoosporangium z with zoospores, growing 
on a pollen gram p. 2 pollen grain with two half grown zoosporangia c, one empty zoosporangium /, 
and two resting spores r. x350. (From Zopf, 1887.) 






Fig. 20. Rhizophidium ovatum Couch 
Asexual development on a cell of Sttgeoclo 
nium (explanation in the text), x 830. (Fron 
Couch, 1935.) 



Fig. 21 Rhizophidium ovatum Couch. Co¬ 
pulation of gametes and development of the 
resting spore (explanation in the text), v 1250. 
(From Couch, 1935.) 


Sexual cycle: Only certain phases of the sexual development ot Rhizophidium 
are known. Many species possess resting spores but little is known concerning 
their development or origin. Couch (1935) has observed the copulation of free- 
swimmmg zoospores from zoosporangia growing on a species of Chaetophora- 
ceae. A resting spore was observed to develop as a result of this fusion. Couch 
(1935) also described the dilferentiation of gametes of both sexes of Rhizophi¬ 
dium ovatum Couch. The male gamete was observed to come to rest and then 
torm a cell wall. The female gamete came to rest against the male gamete, 
also lost Its motihty, and formed a cell wall (figure 21). Both gametes in¬ 
creased m size and the uninucleate contents of the male gamete migrated into 

3 Gaurrann 
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the female ccli. The nuclei fused and the fertilized female cell developed into a 
resting spore, fiie cytoplasm of the male cell provided the female cell with 
food ihroughout the sexual process and finally served as a stalk cell for the 

resting spore. 




Fig. 22. Germination of the resting spore 
xabout 1500. (From Karung, 1939.) 




of an undetermined species of Rhizophidium. 



Fig. 23. Entophlyctis conjervae ghmeratae (Cicnk.) Sparr. 7 resting spore r and two germin¬ 
ating zoosporangia z in a filament of Spirogyra. 2 empty zoosporangium and discharged zoospores. 
x700. (From Sparrow, 1936.) 


The germination of the zoospores of different species does not proceed in the 
same manner. The resting spore of Rhizophidium ovatum Couch develops di¬ 
rectly to form the zoosporangium, and the zoospores are discharged through a 
germination pore. In other types, the endospore itself escapes from the spore 
wall and only when it is free does it segment to form zoospores (figure 22). 

There is a progressive sequence from the external to the internal formation 
of reproductive organs, beginning with Rhizophidium. The zoosporangium of 
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Dangeardia is developed externally on the surface of the host, but its resting 
spores are produced within the host cell. Canter (1946) has reported that the 
development of the resting spore results from a type of copulation similar to 
that known to occur in Olpidiopsis. The empty male gamelangium remains 
attached to the female gametangium and finally appears as a stalk cell support¬ 
ing the mature resting spore. 

The genus Entophlyctis (figure 23) exhibits a further evolutionary advance 
in the method of the formation of the sexual organs since the zoosporangia, as 
well as the resting spores, are formed within the host. The details of their deve¬ 
lopment are not yet known. 

Family 2. Rhizidiaceae 

The thallus of the Rhizophidiaceae consists only of rhizoids or of an inter¬ 
cellular clump of cells, while that of the Rhizidiaceae develops on the surface 
of the host; in fact in this family, there always is a part of the thallus on the 
surface of the host. This change in the relationship of the parasite to the host 
is an important feature of the Rhizidiaceae. Not only do members of this 
family develop both endobiotic and epibiotic hyphal systems on a single host 
plant, but also they are able to parasitize several different individual hosts 
simultaneously by means of their extended epibiotic hyphac (figure 25). Forms 
which parasitize an individual host are said to be monophagous, while those 
parasitizing several host individuals simultaneously are called polyphagous. 

The genera Rhizidium and Rhizophlyctis are related closely to Rhizophidium, 
as they differ chiefly in their more extensively developed epibiotic hyphae. The 
life histories of these forms are similar in many details. The zoospore comes 
to rest, withdraws its flagellum, and secretes a cell wall. The resting zoospores 
of the Rhizidium germinate to form only one rhizoid (figure 24, 1-2), while 
several delicate rhizoids, branching as they elongate, develop in the genus 
Rhizophlyctis. The lateral branches of the rhizoidal system penetrate the empty 
skins of water insects and other suitable sources of food and absorb nourish¬ 
ment for the growing thallus. The thallus develops a zoosporangium at ma¬ 
turity. In many species, the naked contents of the zoosporangium escape through 

a pore, and only then does segmentation occur to produce the uniflagellate 
zoospores. 

The sexual development of these two genera has never been observed. 

The genus Polyphagus exhibits the most advanced type of development in 
the family Rhizidiaceae. The zoospore is enclosed by a cell wall. The contents 
do not develop to form the sporangium directly, but remain a vegetative pro¬ 
sporangium until reproductive maturity is attained. Then the prosporangium 
germinates to form the true, cell-walled zoosporangium. It is also possible that 
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the naked conlcnts, which may escape the zoosporangium of Rhizidium as 

described above, corresponds to the beginning of the functional, cell-walled 

zoosporangium of Polyphagus, 



Fig. 24. l~2 Rhizidium mycophilum A. Br., developing thallus. 3-4 germinating zoosporan¬ 

gium z. 5 Rhizophlycfis Petersenii Sparr., mature thallus, the zoosporangium z is beginning to 
germinate. 1-4 x360; 5 x85. (From Sparrow, 1937.) 



Fig. 25. Polyphagus euglenae Now. Habit of mature vegetative thallus (c is the central 
protoplasmic mass which later becomes the sporangium) with dead Euglena cells e. x 135. (From 
Nowakowski 1876.) 

The cytology of Polyphagus euglenae Now. is better known than that of any 
other member of the Chytridiaceae. A zoospore comes to rest in a favorable 
location, forms a cell wall, and sends out rhizoids which develop to form a 
branched hyphal system. This hyphal system may attack simultaneously more 
than 50 different Euglena cells (figure 25)! The thallus remains uninucleate and 




DEVELOPMENT OF POLYPHAGUS 


37 


it is a single cell, irrespective of the extent of its rhizoidal development. The 
center of the vegetative growth is the protoplasm of the original zoospore. 

Asexual cycle: The mature thallus develops an outgrowth which absorbs 
the contents of its mother cell. A cross wall finally separates the contents of 
this outgrowth from the mother thallus, and a zoosporangium is formed which 
may attain a length of 275 microns. The original nucleus of the zoospore attains 
a size equal to that of the nucleus of Synchytrium during the vegetative period, 
and ultimately it divides to form several hundred daughter nuclei (figure 26, 7-8) 
within the zoosporangium. Segmentation of the contents of the zoosporangium 
produces a corresponding number of uninucleate, active zoospores which escape 
through the disintegrating tip of the zoosporangium. 

Unfavorable conditions may stimulate the single-celled thallus to encyst by 
forming a thick protective wall, thereby becoming an asexual resting spore. The 

resting spore germinates to form a zoosporangium when favorable conditions 
return. 

Sexual cycle: When the supply of Eugleiia cells is no longer adequate to 
support the constantly increasing numbers of the fungus, the central proto¬ 
plasmic mass of the parasite functions as a gametangium rather than as a zoo¬ 
sporangium. The smaller, male individuals produce a long, delicate outgrowth 
which contacts the central protoplasmic body of the female thallus (figure 26, /). 
This thread-like outgrowth forms a heavy walled, spiny enlargement near the 



Fig. 26. Polypi,ag,is e„gle„ae Now. Sexual development. I beginning or copulation the 

male haustonum is enlarging to form a spindle-shaped portion. 2 the female nucleus is ready to 

migrate into the male spindle enlargement. S young resting spore containing the male and female 

? , germination of the resting spore to form a zoosporangium. 9 empty zoosporangium. 

1-2 x380; 3-9 x500. (From Wager, 1913.) 
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female cel! Th : contents of the male cell collect in this spiny enlarged portion. 
The wall of the female cell dissolves to form a pore at the point of contact 
uit!. -nale, and the contents of the female cell also flow into the spiny 
enlargement (figure 26, 2). Plasmogamy results, but karyogamy does not take 
place until the zygote germinates. The zygote is soon cut off from the ad¬ 
jacent gametangial cells by cross walls, and it then becomes the resting spore 
(figure 26, 3). The unused portions of both parent thalli then disintegrate. The 
complete process of copulation and formation of the resting spore takes place 
within a maximum period of twelve hours. 

The resting spore germinates, usually after some months, to form a zoo¬ 
sporangium. The sexual nuclei remain separate until karyogamy occurs during 
the formation of the zoosporangium (figure 26, 5). Presumably, meiosis follows 
immediately. 

It is not yet possible to describe certain phases of the sexual processes of 
this species. The sexual cells are heterogamous as they differ in size and be¬ 
havior, and they are produced by heterothallic parents. Probably this hetero- 
thallism exists as a result of a sexual difference in the zoospores which produce 
the thalli. It is evident that the thalli are hologamous since the entire vegetative 
body is involved in the sexual process. 

Although the copulating gametangia are recognizable as being male and 
female, the very unusual situation exists in which the contents of the female 
gametangium migrate into a portion of the male thallus. The male cell, there¬ 
fore, is the receptive partner. This anomaly cannot be explained without addi¬ 
tional research. 

Family 3. Cladochytriaceae 


The family Cladochytriaceae is comprised of the inoperculate and more 
highly organized Chytridiales. The vegetative thallus consists of a mycelium 
of thin-walled, delicate hyphae. The hyphae possess peculiar swellings called 
turbinate cells, A zoospore (figure 27, /) comes to rest on a suitable substratum, 
withdraws its flagellum, and secretes a cell wall. Infection is accomplished by 
a germination tube which penetrates the wall of the host. A delicate hyphal 
system developes within the host cell, and after a period of growth the hyphae 
develop enlarged areas which later become the turbinate cells (figure 27, 4), The 
nucleus remains in the enlarged portion of the hypha and is soon cut off from 
the mother hypha by cross walls. While the turbinate cell is developing, the 
tip of the hypha embarks on another period of growth. The distal daughter 
cell forms a hypha which produces another turbinate cell, and this process may 
be repeated, forming a group of turbinate cells linked together by delicate 
hyphae (figure 27, <S). 

The hyphae of the Cladochytriaceae actually are highly developed rhizoids 
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and therefore are without nuclei. The nucleus is found in the spindle-likc 
enlargement which later becomes the turbinate cell serving as the center of 
vegetative activity. The so-called hyphae of the Cladochytriaceae are not com¬ 
parable, therefore, to the true 


hyphae of the higher fungi. If this 
family is compared with the Rhi- 
zophidiaceae and Rhizidiaceae, it 
is seen that the vegetative thallus 
is a more highly developed struc¬ 
ture and that this advance is lin¬ 
ked to the changed relationship 
between the vegetative and repro¬ 
ductive apparatus. The Rhizo- 
phidiaceae and Rhizidiaceae are 
monocentric, while the Cladochy¬ 
triaceae are polycentric. 

The significant advance in the 
development of the vegetative 
thallus causes the reproductive 
process to lose its dominating 
place in the life cycle. It will be 
recalled that the Archimycetes 
are completely holocarpic and 
their entire vegetative bodies po¬ 
tentially are reproductive. The 
Rhizophidiaceae and Rhizidiaceae 
exhibit a primitive morphological 
eucarpy since their thalli are not 


completely involved in the for¬ 
mation of the zoosporangium. On 

the other hand, these thalli are 
physiologically holocarpic since 
they are not able to continue vege¬ 
tative growth after reproduction 
has taken place. Death overtakes 
them at the completion of the 
reproductive process. True eu- 


Fig. 27. Development of turbinate cells of 
Claclochytrinm replicatum Karl, in the cells of Oplis- 
tnenus iiitiellns (L.) Beauv. 1—3 the zoospore z conies 
to rest on the epidermis of the host and puts out a 
germination tube h- which penetrates the host. 4 the 
young hypha enlarges to form the turbinate cell r. 
5 the distal daughter nucleus of the turbinate cel! 
migrates into the hypha. 6 migrating daughter nucleus 
in a newly formed turbinate cell, and rhizoids are 
developing a delicate mycelium. :<2000. (From 
Karling 1937.) 


carpy first appears in the Clado- 

chytriaceae, in which the vegetative portion of the thallus not only persists 
after reproduction occurs, but even continues its growth. The recurring repro¬ 
ductive process is only a phase in the continuing development of the thallus. 
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The chance from the monocentric organization of the thallus of the Rhizi- 
diaceae to its polycentric organization in the Cladochytriaceae occurs in the 
genus Phvsoikrma. Physoderma menyanthis de By. parasitizes the stems and 
leaves of Menyanthes, and recently Sparrow (1946, 1947) has described Physo¬ 
derma zeae maydis Shaw as a parasite on maize and teosinte. Both of these 
species produce gummy tumors on the stems and leaves of their hosts. There 
are two distinct types of vegetative thalli produced during their life cycles, an 
ephemeral, monocentric, epibiotic thallus which is followed by the development 
of a persistent, polycentric, endobiotic thallus. 



F[G. 28. Epibiotic development of Physoderma menyanthis de By. 1—2 germinating resting 
spore. 3 zoospore. 4-6 development of the zoospore to form a delicateextramatricalzoosporangium. 
7 germination of the ephemeral zoosporangium. 1-3,6 x530; 4-5,7x730. (From Sparrow, 1946). 


The resting spores escape from the decaying tissues of the host during the 
spring of the year. They appear as brown, or reddish-brown, powder. During 
germination, the endospore escapes the enclosing wall through a pore (figure 28, 
1-2) which is covered with a lid. The entire protoplast then forms the zoo¬ 
sporangium. After swimming about for several hours, a zoospore comes to 
rest on the epidermis of the host plant, forms a cell wall, and then puts out 
a nob-like protuberance called the apophysis (figure 28, 6). Rhizoids develop 
from the apophysis and penetrate the outer wall of the host. The zoospore 
remains on the outer surface of the host, absorbing nourishment from it. 
After the zoospore has increased considerably in size, it develops into a thin- 
walled, extramatrical zoosporangium resembling that of Rhizophidium, The 
zoosporangium releases the zoospores when mature through an apical papilla 
(figure 28, 7), and the zoospores soon reinfect other epidermal cells of the host. 
If the conditions are suitable, many generations may follow each other in a 

single season. Peculiarly enough, the host does not develop visible pathological 
symptoms. 

The parasite enters an endobiotic stage under conditions not yet under¬ 
stood and develops an intramatrical mycelium. This mycelium produces resting 
spores and causes pustules to form on the surface of the host. 

Unfortunately, the details of the cytological processes of the genus Physo¬ 
derma are not known. One might assume that a change in the nuclear condition 
initiates the change from extramatrical to intramatrical growth. Two zoospores 
probably copulate, and the zygote develops the comparatively persistent, di- 
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ploid, intramatrical mycelium. Meiosis probably occurs during the germina¬ 
tion of the resting spore. Physoderma might reasonably be regarded as ex¬ 
hibiting an alternation of generations, one being ephemeral, monocentric, and 
epibiotic, and the other being persistent, polycentric, and endobiotic. The rela¬ 
tionship between these generations is based only on inference, since the sexual 
processes in this genus have not been observed. 

The ephemeral, monocentric, epibiotic phase is suppressed in the genera 
Cladochytrium and Urophlyctis, The vegetative body of these genera consists 
only of the persistent, intramatrical, polycentric hyphae. The turbinate cells of 



Fig. 29. Group of hyphae of Urophlyctis pluriannulatus (B. and C.) Farl. parasitizing Saiii- 
citla Menziesii H. and A. c turbinate cell, .y uninucleate segment, r resting spore, x 560. (From 
Jones and drechsler, 1920.) 

Cladochytrium develop directly to form the zoosporangium which releases its 
zoospores through a discharge tube. Karling (1937) has shown that the same 
IS true for the hyaline, relatively thin-walled resting spores of Cladochytrium 
replicatum Karl, which likewise develops an intramatrical mycelium. 

The genus Urophlyctis, as exemplified by Urophlyctis alfalfae {L?igh.) Magn., 
produces gall-like tumors on the young seedlings of various species of Medicago. 
Only the intramatrical mycelium and thick-walled resting spores have been 
described. The enlarged turbinate cell (figure 29, s) is cut off from the hypha 
by a wall and then it either develops into a hypha followed by another turbi¬ 
nate cell, or it forms a terminal resting spore (figure 29, /). The turbinate cell 
and the resting spore bear a tuft, or crown, of short, hair-like projections at 
the apex. The significance of this peculiar structure is not known. 

Group 2. Operculatae 

A survey of the operculate Chytridiales shows that the degree of the evo¬ 
lutionary advancement attained by their vegetative thalli is similar to that of 
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the inoperculaic series (figure 18). The monocentric Rhizophidiaceae and 
Rhizidiaccar correspond in the operculate series to the Chytridiaceae, and the 
polyceiuric Cladochytriaceae correspond to the Megachytriaceae. 


Family 4. Chytridiaceae 


The family Chytridiaceae, like the Rhizophidiaceae, is represented by primi¬ 
tive types. The developing thalli of both families absorb food by bud-like or 
tufted rhizoids. Three genera, Zygorhizidium, Chytridium, and Endochytrium, 
will be described. These genera illustrate the progressive sequence from the 
external to the internal formation of reproductive organs. AH three genera are 
parasitic or saprophytic on algal cells or on the decaying tissues of higher plants. 


Fig. 30. ZygorhizUtium Willei 
Loew. / zoospore. 2 young thallus. 

3~5 development of zoosporangium 
and discharge of the zoospores. 6 male 
thallus developing the copulation tube. 

7 female thallus ready for copulation. 

5 completion of plasmogamy. >1500. 

(From Loewenthal, 1905.) 

Zygorhizidium, like Rhizophidium, develops entirely epibiotically (figure 30). 
Sexual fusions lead to the production of resting spores. A reduced male thallus 
develops an extramatrical copulations tube which contacts the somewhat larger 
female individual. The nucleus and most of the cytoplasm of the male cell mi¬ 
grate into the female cell. The female individual then secretes a firm cell wall 
and becomes a resting spore. The germination of the resting spore has not 
been observed. 

The zoosporangia of Chytridium, as well as those of Dangeardia in the in- 
operculate series, are developed epibiotically. The resting spores are formed 
endobiotically in a manner not yet explained. 

The genus Endochytrium corresponds to Entophlyctis in the inoperculate 
series. The zoosporangia and resting spores are produced endobiotically. A 
zoospore comes to rest and secretes a cell wall (figure 31, 1-2), Germination 
is accomplished by a tube which receives the nucleus and the cytoplasm of the 
zoospore. The nucleus migrates to the tip of this tube, and the young hypha 
elongates to develop a rhizoidal system radiating from the enlarged center con¬ 
taining the nucleus. The nucleated central portion develops a lateral zoospor¬ 
angium at maturity (figure 31, 5), The thallus develops monocentrically, but 
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the center of growth is not the enlarging zoospore as in the forms described 
above, but is in the hypha developing from the zoospore. A further advance 
would be the development of a polycentric type of growth depending on a 
number of collective cells as in the Cladochytriaceae (figure 27). Under con¬ 
ditions not yet understood, the germination hypha developing from a zoospore 

forms a resting spore (figure 27, 6) which germinates in turn by forming an oper- 
culate zoosporangium. 



Liti. 31. Wild.) Karl. /-iHerminat,on i, ■ 

4-5 development of the zoosporangium z. 6-10 formation and germination of 
/ >1.300; Z-6 xabout660; 7- ,0 x 580. (From HtuLraAS. 1940 , 'he resting spore. 


Family 5. Megachytriaceae 

The swollen hyphae of the family Megachytriaceae resemble those of the 
Cladochytnaceae m the moperculate series (figure 32, /). The species Nowakon- 
kiella elegans (Now.) Schroet. described below lives saprophytically on the 
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gelatinous sheaths of algal cells or on the detritus of higher plants (figure 32, 1 ). 

The details of its life cycle are known only in part. Resting spores have not 
been recognized with certainty. 

At sexual maturity, the hypha enlarges at its end to form a terminal cell ^ 
or the enlargement may occur at some other location in the hypha to form an 
intercalary cell, but m either case the enlargement becomes the zoosporangium. 
This reproductive cell is cut off from the adjacent hypha by a cross wall. The 
hypha adjacent to the zoosporangium also enlarges (figure 32, 2, a) and it is 
called the apophysis. An intercalary zoosporangium possesses an apophysis on 
each side. The structure of the zoospore is the usual type (figure 17, 5). 



Fig. 32. Nowakowskiella elegans (Now.) Schroet. 1 habit of a type growing on a grass leaf. 
2 the same but more greatly enlarged, a apophyses, z germinating and empty zoosporangia. I x 100; 
2 x 400. (/ from Matthews 1928; 2 from Sparrow, 1935.) 


2. Order Blastocladiales 

All of the known species of the order Blastocladiales are aquatic or terres¬ 
trial saprophytes. The order is recognized by the following five major charac¬ 
teristics: 

1. Sexual reproduction is accomplished by the copulation of uniflagellate 
planogametes. 

2. The zoospores possess one trailing flagellum. 

3. The extramatrical hyphae typically develop from a basal cell which is 
attached to the substratum by rhizoids resembling those of the Chytridiaceae. 

4. The cell walls give a chemical test for chitin (Harder, 1937), as do those 
of the Chytridiales. 

5. The resting spore develops asexually and resembles those formed sexually 
in structure and development. The cytoplasm of the zoospore becomes dense 
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and forms an additional wall within the zoosporangial wall. The mature resting 

spore possesses a brown, finely reticulate exospore, and a delicate, hyaline 
endospore. 

The forms described below as representatives of the order clearly are more 
advanced than are the Chytridiales. It is not reasonable to seek for their phylo¬ 
genetic precursors among the autotrophic green algae because there are no 
analogous algal forms possessing one trailing flagellum. 

The most primitive genus of the Blastocladiales is Sphaerocladia. This genus 
is related directly to the monocentric Chytridiales of the type oi Rhizidium. The 
chief difference between these genera is that Sphaerocladia exhibits an alterna¬ 
tion of generations of the thallus like that assumed for Phvsodcrrna in the family 
Cladochytriaceae. 



Fig. 33. 


'annhili.sSluch. Development of the sporophyte. / diploid zoospore 

has formed a ce I wall and ,s germinating. 2 young diploid thallus. 3 mature diploid thallus in which 

he cental body is becoming the zoosporangium, „ germination papillae. 1-2 x400- ? x 50 
(From Stuben, 1939.) ’ ‘ 


A resting spore, probably after undergoing meiosis, germinates to produce 
haploid zoospores which are physiologically predetermined to produce male or 
female thalli. After swimming about for a time, the zoospore comes to rest, 
forms a cell wall, puts out rhizoids in all directions, and develops into the sex¬ 
ually functioning gametophytic thallus. The gametophytes resemble the sporo- 
phytes in appearance except that the gametophytes are smaller (figure 33). The 
body of the growing zoospore becomes a male or female gametangium when 
sexual maturity is attained. The gametangia discharge male or female piano- 

gametes through one or more papillae. The gametes are similar to the haploid 
zoospores in size and structure. 

The biflagellate planozygote comes to rest, forms a cell wall, and develops 
nto a diploid thallus (figure 33). The central body of the thallus comes from 
the planozygote, and forms a zoosporangium when the thallus reaches sexual 
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maturity. Ihc diploid zoospores are discharged through papillae, and they 
resemble the haploid zoospores except that they are about twice as large They 
develop new sporophytes which make it possible for numerous sporophytic 
thalli to be produced without the intervention of a sexual stage. 



It IS not known how the central body of the sporophyte develops the dark- 

walled resting spore, but it is known that the resting spore undergoes meiosis 

and produces zoospores physiologically predetermined to develop male or fe¬ 
male thalli. 



Fig. 34. Biastocladiella iaevisperma 
Couch and Whiffen. Development of 
zoospore to mature thallus. b basal cell. 
z apical cell which is developing into a 
zoosporangium. J x620; 2-4 xl30- 

5~6 x 240. (From Couch and Whiffen, 
1942.) 


The genus Sphaerocladia exhibits the 
following two important features: 

1. The vegetative body corresponds to 
that of the monocentric Chytridiales. 

2. There is a well marked alternation 
of haploid and diploid generations in ac¬ 
cordance with the diagram on page 46. 

The thallus of Biastocladiella differs 
from that of the Chytridiales by possessing 
a basal cell from which rhizoids penetrate 
into the substratum (figure 34), and by 
possessing a specialized terminal cell which 
ultimately develops into the zoosporan¬ 
gium or into a resting spore. Certain 
genera, for example Biastocladiella^ have 
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been shown by Harder and Soergel(1938) to follow the general reproductive 
pattern of Sphaerocladia. The development of the thallus therefore is macro- 
cyclic. Other types, for example Blastocladiella laevisperma C. and Wh., ex¬ 
hibit a reduced life cycle. This species produces but one type of thallus bearing 
a zoosporangium or a resting spore without undergoing sexual stages. The 
cytological explanation of these processes is not known. The gametangia and 
gametes of Blastocladiella variabilis Stueb. contain an orange-yellow pigment 



Eio. 35. The life history of Allomyces arhuxcula Bull. 
Emerson, 1941, in Sparrow, 1943. ) 


Explanation in the text. (From 


as a secondary sexual characteristic which permits these structures to be recog¬ 
nized at a glance. 

The apical mycelial cell of Allomyces and Blastoclaclia, the two chief genera 
representing the order Blastoclaxiiales, develops into a nonseptate hypha known 
as the secondary axis. This outgrowth has been shown by Emerson ( 1941 ) and 
Kanouse (1927) to produce a large number of reproductive organs. The apical 
mycelial cell of Blastocladiella forms only a zoosporangium. 

Allomyces arbuscula Butl. is an interesting representative of this genus. This 
species is found over the entire world, growing in water on the bodies of dead 
insects. The resting spore is disseminated through a rupture in the hyphal wall. 
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Germination begins with the splitting of the exospore. The endospore then 
enlarges and develops a germination papilla (figure 35, A), The reduction divi¬ 
sion of the nucleus has been described as occurring during this stage (Sorgel, 
1936). Numerous haploid zoospores are produced after meiosis. The zoospores 
become enclosed by cell walls and germinate to form sexually functional gameto- 
phytes (figure 35, B-E). The mature gametophyte produces male or female 
gametangia, Emerson and Fox (1940) have described the presence of an orange 
or brick-red carotinoid pigment in the male gametes. The female gametes are 
colorless and are two or three times as large as the male gametes. Because 
of the morphological difference exhibited by the male and female gametes, they 
are described as being anisogamous. The gametes copulate (figure 35, G~H) 
and the resulting planozygote germinates to produce the sporophytic thallus 
(figure 35, J~K), The sporophytic and gametophytic thalli are very similar in 
their superficial appearances. The sporophyte mayproduce diploid zoosporangia 
(figure 35, Z) and diploid zoospores which are about equal in size to the piano- 
gametes. These diploid zoospores always develop into sporophytic thalli (figure 
35, L—J). Besides the diploid zoospores, the sporophyte may produce resting 

spores (figure 35, R). Meiosis occurs during the germination of these diploid 
spores. 

The life cycle of AUomyces arbuscula Butl. is seen from the above description 
to be macrocyclic, as in the genus Sphaerocladia, because there is an alternation 
of the haploid and diploid phases. The haploid thallus is the gametophyte and 
produces the gametes, while the diploid thallus is the sporophyte and pro¬ 
duces diploid spores. The gametophytes of the genus Sphaerocladia themselves 
are sexually predetermined and produce only male or female gametes; conse¬ 
quently this genus is described as being heterothallic. The gametophytic thalli 
of AUomyces arbuscula Butl., on the other hand, are not sexually predetermined 
and they produce gametes of both sexes. This species is therefore described as 
homothallic. Kniep (1930) has shown that the life history of AUomyces javanicus 
Kniep resembles that of AUomyces arbuscula Butl. 

The life history of AUomyces cystogenus Emers. differs significantly from 
that of AUomyces arbuscula Butl. in that the sporophytic generation is sup¬ 
pressed. The germinating resting spore discharges biflagellate motile cells 
(figure 36, A-C), some of which actually are planozygotes formed as the result 
of a type of cleistogamous copulation occurring during the spring of the year 
between two gametes while yet within the resting spore. Some of these zygotes 
become enclosed with cell walls before they escape from the parent resting spore. 
During germination, the resting spore becomes the functional gametangium. 

The planogamete comes to rest after a time, secretes a cell wall (figure 36, Z>), 
undergoes meiosis, and after one or two hours discharges four uniflagellate zoo¬ 
spores through a germination papilla. The zoospore becomes surrounded with 
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a cell wall and then germinates to form the haploid thallus (figure 36, K). The 
haploid thallus produces zoosporangia (figure 36, Z) and finally also the resting 
spores (figure 36, R). The zoosporangia produce haploid zoospores which de¬ 
velop directly to form new thalli (figure 36, L—J). The resting spores become 
functional gametangia, and the planogametes are assumed to copulate while 
still within the resting spore as described above. 


E 



Fig. 36. The life history of AHom 
MtRsoN, 1941, in Sparrow, 1943.) 


r(r.v cystoffenus Emers 


Explanation in the text. (From 


The life history of Allomyces cystogenus Emers. is seen to be microcyclic 
from the above description. There is a nuclear change from haploid to diploid 
as the result of copulation, but no corresponding diploid thallus is produced 
The sporophytic generation is limited to the walled stage of the zygote The 
zygote, which produces a diploid thallus in Allomyces arbuscula Butl is the 
stage in which meiosis occurs; and the thallus which produces zoosporangia 
and resting spores (figure 36, A) is haploid in Allomyces cysloyenus Emers. al- 
though It IS the diploid phase in Allomyces arbuscula Butl. 

Our present knowledge is inadequate to explain the relationship between the 
macrocychc life history Allomyces arbuscula Butl. and the microcyclic deve- 

4 Gaumann 
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lopment of Al/umyces cystogenus Emers. If the life histories presented in figures 
33 and 3b represent typical examples of these two types of development, one 
may consider that the female gamete (but not the male gamete) of the Arbuscula 
type might produce parthenogenetically another gametophyte or thallus which 
would produce haploid zoosporangia. Also, the zoospore under certain con¬ 
ditions, or perhaps in the absence of meiosis, might produce a new sporophyte. 
Finally, the resting spore occasionally might produce a thallus which would 
bear gametangia under some conditions. It is of great interest, in connection 



Fig. 37. Blastocladia Pringsheimii Reinsch. 
of an immature thallus. z empty zoosporangium. 
2 about 65. (From von Minden, 1916). 


/ habit of the thallus. 2 morphological details 
r resting spores. ^ hairs or setae. I xabout40; 


with the probable relationship between these two types of life cycles, that a 
tropical species of the cystogenus group described by Teter (1944) possesses 
swarm cells which are without flagella but are amoeboid, irrespective of whether 
these cells are zoospores, planogametes, or planozygotes. The life cycle of the 

Blastocladiales, at the evolutionary level of Allomyces^ is still in a stage of deve¬ 
lopmental instability. 

Blastocladia, the genus for which the order Blastocladiales is named, has 
been known by mycologists for a longer period than the other genera of the 
order, and yet its life cycle has been observed only in part. Members of this 
genus appear to have no sexual processes, and the nuclei therefore do not ex¬ 
hibit alternately the haploid and diploid condition. The thallus produces thin- 
walled zoosporangia and thick-walled resting spores (figure 37). Both the zoo- 
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sporangia and resting spores produce zoospores, which in turn produce other 
thalli without the intervention of sexual processes. This simple life cycle has 
been described by Cotner (1930), Lloyd (1938), and by Blackwell (1940). 
Bessey (1939), on the other hand, believes that the life cycle is more complicated 
than that described above. 


3. Order Monoblepharidales 

The representatives of the order Monoblepharidales are aquatic like the 
Blastocladiales. Also like the Blastocladiales, their zoospores bear a single 
trailing flagellum (figure 17, 7). The Monoblepharidales differ, however, from 
the Blastocladiales in certain chemical and morphological characteristics. Che¬ 
mically, the hyphal walls exhibit a cellulose reaction; and morphologically, the 



Fici. .18. Development of the zoosporangia of Monoblepharis macnwdra (Lagh ) Wor Fx 
planatton in the text. x590. (/ 5 from Laibach 1927; 6 from Sparkow, 1933.) ' ' 


female gametangium produces a single egg cell, or oosphere, instead of numer¬ 
ous planogametes as in the Blastocladiales. The non-motile female gamete, or 
oosphere, IS fertilized by a free-swimming male gamete, or sperm. Copulation 
th^erefore is oogamous. Monohlepharis and Monoblepharella are the only genera 
of the order which have been studied extensively. 
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Asexual cvde: A zoospore comes to rest, secretes a cell wall, and then deve¬ 
lops two germination tubes. One of these tubular extensions produces a basal 
system of rhizoids, while the other develops extensively branched hyphae which 
ultimately attain a felt-like appearance. After a time, the ends of the hyphae 
enlarge somewhat and become cut off from the main hyphae by cross walls. 
The contents of the terminal portions, thus isolated, segment into uninucleate 
portions, each of which becomes a zoospore (figure 38). Secondary zoospor¬ 
angia develop from lateral branches below the terminal zoosporangium, or the 
hypha itself may form another zoosporangium by cutting off another portion 
below a zoosporangium already emptied of its zoospores. 

Sexual cycle: Male and female gametangia are produced by the sexually 
mature thallus. The male gametangium is called the antheridium since the 
gametes which it produces are free-swimming sperms, or antherids. The female 
gametangium is called the oogonium because it produces an enlarged non-motile 
female gamete called an oosphere. 

The tip of a hypha is cut off by a cross wall 
and its contents differentiate to form four to eight 
sperms or microgametes (figure 39, 1-3), The 
sperms are somewhat smaller than the zoospores 
but otherwise resemble them in appearance. 

The hypha enlarges just below the antheridium 
to form the oogonium, and this section is soon 
cut off by cross wall. The contents of this enlar¬ 
ged isolated portion of the hypha then form a 
uninucleate, enlarged, female gamete or oosphere. 
In strongly protandrous types, such as Mono- 
blepharispolymorpha Cornu, the antheridium has 
already discharged its antherids by the time the 
oogonium has become differentiated (figure 39, 4), 
The formation of additional antheridia and 



Fig. 39. The development 
of the antheridium a and the oogo¬ 
nium o of Monohlepharis poly¬ 
morpha Cornu. y 250. (From 
Sparrow, 1933.) 



Fig. 40. The sexual development of Monohlepharis polymorpha Cornu. J-3 fertilization of 
the oosphere. 4-6 migration of the zygote z and its development into a resting spore r. x450. (From 
Sparrow, 1933.) 
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oogonia may continue by the differentiation of successively lower portions of 
the hypha (figure 41, 2). The antheridium forms above the oogonium in the 
epigynous types, but the oogonium is terminal in hypogynous types such as 
Monohlepharis sphaerica Cornu. 


The contents of the oogonium round up to form a uninucleate oosphere or 
egg cell. The tip of the oogonium dissolves to form a pore through which the 
motile antherid enters and fuses with the oosphere (figure 40, 2-3). In endoge¬ 


nous types, such as Monohlepharis fas- 
ciculata Thaxt. (figure 41, J), the zygote 
normally remains within the oogonium 
and develops there into the resting spore. 
In exogenous types, such as Monohle¬ 
pharis polymorpha Cornu, and Mono¬ 
hlepharis macranclra (Lagh.) Wor., the 
naked zygote floats through the fertili¬ 
zation pore of the oogonium. Usually, 
however, the zygote adheres to the rim 
of the oogonial opening and develops 
into a resting spore in that position 
(figure 40, 4-6). Sparrow (1943) and 
Springer (1945) have observed that in 
the genus Monohlepharelia the flagellum 
of the antherid is retained by the zygote 
and imparts to it a certain degree of 
motility. The zygote finally comes to rest 
and develops into a resting spore. 

The male and female nuclei lie side 
by side in the resting spore for at least 
a month, and they fuse only shortly be¬ 
fore the germination of the resting spore. 
Meiosis probably occurs during germi¬ 
nation at about the same time that 
the germination tube is being formed 
(figure 42, ID). 



Fui. 41. / anlheridia and oogonia 

of Monohlepharis fascicnlaia Tiiaxt. in 
which the resting spore is endogenous. 
2 Monohlepharis polymorpha Cornu in 
which the resting spore is exogenous. 
/• resting spore. « empty anlheridia. 250 . 
(From Sparrow, 1933.) 


The evolutionary ancestors of the Monoblepharidales probably are the same 
as those of the uniflagellate Blastocladiales if the problem of the presence of 
chitin and cellulose in the cell walls is disregarded. If both groups stem from 
the same ancestral types, they logically could be inclouded in a single order The 
autotrophic algae cannot logically be regarded as'ancestral forms because no 
analogous type bearing a trailing flagellum has been discovered. 
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4. Order 


Oomycetes * 


by the following four features: 
Fertilization is oogamous. The antherid reaches the egg cell, or oosphere, 


The Oomycetes are characterized 

( 1 . 

» 

through a fertilization tube. 



Fig. 42. Cytological changes in Monoble- 
pharis macrandra (Lagh.) Wor. 1-4 development of 
oogonium from the beginning to maturity. 5 sperm 
entering the apex of the oogonium. 6 two gamete 
nuclei in the young resting spore. 7-W germination 
of the resting spore. 7-5, JO x590; 6-9 xIIOO. 
(From Laibach, 1927.) 

by cross walls from the parent hyphae. 


2. The zoospores usually pos¬ 
sess two laterally inserted flagella 
which extend in opposite direc¬ 
tions. 

3. The cell wall exhibits a 
chemical test for cellulose. 

4. There is a progressive ad¬ 
aptation toward a terrestrial ha¬ 
bitat. 

The Oomycetes may be arran¬ 
ged in the following two parallel 
evolutionary groups on the basis 
of the structure of their thalli 
(figure 43): J) 

[Group L The mycelium of 
the families Saprolegniaceae and 
Peronosporaceae is morphologi¬ 
cally specialized but is usually 
composed of undifferentiated hy¬ 
phae. These families are distin¬ 
guished from each other by the 
different degree of complexity of 
their zoosporangia. In the family 
Saprolegniaceae, the zoosporan¬ 
gia are but slightly differentiated 
hyphae; while in the Perono¬ 
sporaceae, the zoosporangia typi¬ 
cally are separate organs cut off 
These families differ further in the 
The entire protoplasm of the oogo- 

while in the 

the remainder be- 


manner by which the egg cell is formed, 
nium is used for the formation of the egg in the Saprolegniaceae; 
Peronosporaceae only part of the protoplasm is used, and 
comes vegetative periplasm. 


• As the Oomycetes represent an order, they ought strictly speaking to be called Oomycetales. 
We prefer howewer the use of the old term Oomycetes, just as in the case of Zygomycetes, Hy- 
menomycetes, Gastromycetes etc. 
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Group 2. The hyphae of the Leptomitaceae develop from a basal cell and 
are constricted at regular intervals. Deposits of cellulin, a carbohydrate chemi¬ 
cally related to cellulose, are present in the cytoplasm. The exact chemical 
nature of cellulin is not known, but it is of the para-cellulose type. Accumu¬ 
lations of these deposits at the hyphal constrictions appear as plugs and some¬ 
times they may be mistaken for cross walls. 

Peronosporaceae 


Saprolegniaceae Leptomitaceae 



Fig. -43. 


The probable phylogenetic relationships of the Oomycetes. 


(The phylogenetic ancestors of the Oomycetes probably are to be found in 
the autotrophic algae, especially among the oogamous Siphonales. The fila¬ 
ments of these algae are nonseptate. Characteristic thickenings of the cell wall 
occur in the family Codiaceae in the Siphonales which closely resemble those 
formed in the Leptomitaceae. Diplanetism of the type exhibited by the genus 
Saprolegnia (figure 45) probably also was a characteristic of the ancestors of 
the modern algal family Vaucheriaceae. The flagellated zoospores of the Vau- 
cheriaceae correspond to the first motile stage, and the flagellated male gametes 
correspond to the second motile stage. Fertilization occurs oogamously be¬ 
tween the antheridium and the oogonium, or egg cell, as in Saprolegnia. Further 
evidence of the phylogenetic relationship between the Oomycetes and the Sipho¬ 
nales is furnished by the fact that many species of Vaucheria Ijave migrated from 
an aquatic to a terrestrial habitat. 

The characteristics of the Oomycetes described above suggest that this group 
forms an evolutionary series developing parallelly with the Chytridiales-Mono- 
blepharidales series from the autotrophic algae (figure 1).^ 

Family 1. Saprolegniaceae 

The family Saprolegniaceae includes the best known aquatic Phycomycetes 
(Coker, 1923). Usually, members of this family live on organic detritus, but 
they may subsist also on fish eggs or on young fish. The hyphal strands are 
tubular and the mycelium usually is comprised of delicate, extensively branched, 
mtramatrical hyphae and of firmer, less branched extramatrical hyphae which 
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may attain a diameter of over 200 microns. The thicker hyphae form resistent 
Structures called gemmae or chlamydospores under unfavorable conditions. 
The tips of these hyphae enlarge, become club-shaped, accumulate dense proto¬ 
plasm, and become separated from the filament by cross walls. This separation 
process proceeds again and again until finally a chain of bead-like chlamydo¬ 
spores is formed. On the return of favourable conditions, the chlamydospores, 
or gemmae, germinate to form either hyphae or short-stalked zoosporangia. 



Fig. 44. Development of the zoosporangium of Saprolegnia mixta de By. I young zoo* 
sporangium containing a large number of nuclei. 2 cross section showing the accumulation of the 
cytoplasm toward the periphery, and the preliminary segmentation to form the zoospore initials. 
3~4 the zoospore initial cells have contracted and are rounded up to form zoospores, x 450. (From 
Davis, 1903.) 


Asexual reproduction is accomplished by the zoospores. The protoplasm 
within the zoosporangium segments into uninucleate initial cells which later 
develop into functional zoospores (figure 44, 4). The zoosporangia usually are 
somewhat enlarged and are barrel-shaped. However, Mathews (1932) has ob¬ 
served that in the genus Leptolegnia the zoosporangia are hyphal-like and show 
but little of the morphological specialization exhibited by Monoblepharis (fi¬ 
gure 38). This type of zoosporangium occurs also in the genus Aphanomyces. 
Additional intercalary zoosporangia may develop. Bud-like extensions of the 
mother hypha also may produce zoosporangia. 

The behavior of the zoospores is characteristically different in the different 
genera, but only Saprolegnia and Leptolegnia will be described as examples of 
the family. The zoospores are pear-shaped and possess two anterior flagella of 
equal length. One of these flagella is whip-like and the other is ciliated (figure 17, 
9,7). Vlk (1939) has pointed out that the ciliated flagellum probably is the chief 
organ of motility, although the whip-like flagellum is the one which extends 
backward. After a period, the zoospore comes to rest and secretes a cell wall; 
but after about an hour the naked protoplast escapes from the wall in the man¬ 
ner of a zoospore. This secondary zoospore is kidney-shaped and bears two 
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flagella attached in a lateral indentation (figure 17, 9, II). The empty cell wall 

disintegrates. The second motile stage usually lasts longer than the first, and 

finally the secondary zoospore also secretes a cell wall and germinates to form 
a mycelium (figure 45, 10-12). 

The existence of two consecutive morphologically different zoospore stages 
is called diplanetism, and the zoospores themselves are described as being di- 
planetic. Under unfavorable conditions for growth, the secondary zoospore 



F.O 45 Saprolcgnia wndosa dc By. Diplany and the escape of the zoospores from their cell 
walls. 6 diplany, hrst and second motile stages. 6-8 escape of zoospore from its cell wall. W/? 
germination of the zoospore to form a mycelium, y about 1200. (From Hohnk, 1933.) 


comes to rest and secretes a cell wall, but when favorable circumstances again 
exist, the naked protoplast escapes the cell wall and again becomes a laterally 
flagellated zoospore (figure 45,6-5). The formation of this naked zoospore from 
the walled, resistant secondary zoospore is not identical to phylogenetically 
determined diplanetism, but represents merely a type of rejuvenation of the 
zoospore observed in the Olpidiopsidaceae and other families 
C Two evolutionary series may be derived from the type of diplanetism existing 
in Saprolegnia, although both of these series are themselves monoplanetic by 
the suppression of one or the other of the zoospore stages. ' 

(One of these series is represented by the genus Pyihiop.^is in which the sec- 
ondary zoospore is suppressed, consequently the zoospore which develops 
into the mycelium possesses two terminal flagella. The other series is reprL 
sented by the genera Ach/va and Ap/ane.s in which the primary zoospore is sup 
pressed. In these genera, the non-flagellate zoospore initials congregate to form 

liklZls and ^°°^P;-ngium where they escape their membrane- 

hke walls and swim away as secondary zoospores. In this stage the zoospores 

bra.^erorTell wlT "“S'""! The’emplied mem- 

‘I' ‘f' '"Closed by Ihie cellulose walls 

they are still within the zoosporangium. While in this stage, they may be 
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regarded as sporangiospores (figure 46, 2-5). They escape through a rupture in 
the zoosporangium or by its disintegration and produce laterally flagellate zoo¬ 
spores or germinate directly to form hyphae. In the genus Dictyuchus, the 
sporangiospores never excape from the zoosporangium, but remain arranged 
symmetrically against the zoosporangial wall. When the sporangiospores finally 
develop into laterally flagellate zoospores, they escape through pores in the wall 










Fig. 46. Degenerate types of zoospores of the Achlya-Aplanes group. / Achlya proUfera 
(Nees) de By., zoosporangium discharging zoospores at the tip. The mother hypha is forming another 
zoosporangium below the discharging zoosporangium. 2 Thraustotheca clavata (de By.) Humph., 
the cell-walled zoospore initial cells are escaping through a fissure in the zoosporangial wall. 3-5 
germination of the sporangiospores. 6 Dictyuchus monosporus Leitg., germination of a net-like zoo¬ 
sporangium, another zoosporangium is developing just below, 7-9 germination of sporangiospores. 
10 Aplanes andrdgynus {KvcYi.) Humph, germinating zoosporangium. 1 xl35; 2-5, 7-9 x930; 
6 x370; 10 x about 270. (7 from de Bary, in Fitzpatrick, 1930; 2-5 from Weston, 1918; 6-9 
from Weston, 1919; 10 from de Bary, 1888.) 


of the zoosporangium (figure 46, 6-9). The empty walls of the sporangiospores 
remain within the zoosporangium forming a delicate ephemeral network.)! 

The ultimate stage of the evolutionary tendency to suppress motile cells is 
attained by the genus Aplanes. In this genus the development of both primary 
and secondary spores is suppressed, and the sporangiospores germinate while 
yet within the zoosporangium by means of individual germination tubes pene¬ 
trating the zoosporangial wall (figure 46, JO). The condition in which both 
motile stages of the zoospore are suppressed is termed aplanetism. The inherent 
evolutionary tendency in the plant kingdom to eliminate motile cells is seen to 
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be achieved for the first time in the fungi in the asexual reproductive process 
of A planes,'^ 

The suppression of motile cells is even more strikingly illustrated by the 
sexual reproductive processes of the family Saprolegniaceae. A similar evo¬ 
lutionary process has occurred in the Gymnosperms in which the ancestral types 
show the change from zoidiogamy to siphonogamy. There are no motile sexual 



Eici. 47. Development of the oogonium of Saprolegnia monoica Pringsh. I immature oogo¬ 
nium. Z-J degeneration of most of the nuclei has occurred and the remaining nuclei have migrated 
to the periphery of the oogonium. 4 immature oosphere. 5-7 fertilization of the oosphere has 
occurred with the formation of the oospore. 8 diagram of the complete fertilization process, a anther- 

idium, J degenerating nuclei, e oosphere, o oogonium. 1-3 x380; 4-7 x 1020. (From Claussrn 
1908.) 

cells produced in the Saprolegniaceae. The gametangia fuse in order to bring 
the sexual nuclei together. The various members of this family are remarkably 
similar in this respect, although they show great diversity in the differentiation 
of asexual reproductive organs. These characteristics are illustrated by the 
genus Saprolegnia {CLKUSSf.’s, 1908; Mackel, 1928; Hohnk, 1935). The life his¬ 
tories of other genera follow essentially this pattern of the simplification of the 
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sexual processes and the increase in the degree of the differentiation of the 
asexual organs. Instructive examples are furnished by the genera Achlya (Pat¬ 
terson. 1929; Carlson, 1929; Cooper, 1929; Raper, 1936; Wolf, 1938) and 
Thraustotheca (Shanor, 1937; Schrader, 1938).') 

The oogonia usually develop on short lateral branches of the mother hyphae 
(figure 47, / and 8) by accumulating nuclei and cytoplasm and then becoming 
cut off by cross walls (figure 47, 3). Before the oogonium is mature, the cyto¬ 
plasm and nuclei in the central portion degenerate. The remaining nuclei mi¬ 
grate towards the periphery of the oogonium and form a thinly distributed 
layer near the oogonial wall (figure 47, 3). The nuclei then divide simultane¬ 
ously and one of their daughter nuclei disintegrates.* Finally the cytoplasm 
segments into several uninucleate portions, each of which rounds up to become 
an egg cell or oosphere (figure 47, 4e). Kasanowsky (I911) observed that in 
the genus Aphanomyces only one functioning nucleus remained in the oogonium 
and consequently only one oosphere was formed. Couch (1932) found that 
this condition existed also in Lepiolegnia. 

Meanwhile, an antheridium gradually coils about the oogonium. Raper 
(1940) has shown that at least three hormones are concerned with the forma¬ 
tion and maturation of the gametangia. The antheridium also develops usually 
on a short lateral branch of the hypha (figure 47, 5) and, like the oogonium, is 
separated from the mother hypha by a cross wall. The antheridial nuclei divide 
at about the same time as do those in the oogonium. Fertilization is accom¬ 
plished by a branch, or germination tube, of the antheridium penetrating the 
wall of the oogonium through a special thin spot. The male nucleus migrates 
through this tube to the nucleus of the oosphere. Each branch of the anther¬ 
idium penetrates a different oosphere (figure 47, 8) in the oogonium and causes 
its fertilization (figure 47, 5). The sexual nuclei fuse immediately and the zygote 
surrounds itself with a double wall and becomes a resting spore. Since the rest¬ 
ing spore develops from the fertilized oosphere, it is called the oospore. The 
oospores are released by the disintegration of the oogonial wall, and after a 
resting period of about three months, they germinate to form short-stalked zoo¬ 
sporangia or hyphae. Meiosis probably occurs during the germination process. 

The essential features of the sexual reproductive cycle in the Saprolegniaccae 
may be summarized as follows; 

1. The nuclei within the gametangia (oogonia and antheridia) are not differ¬ 
entiated to form motile gametes. Copulation therefore does not occur between 
true sexual cells, but between the gametangia. This secondary type of sexuality 
is called deuterogamy from the Greek words deuteros and gamos. The special 
type of deuterogamy in which two gametangia copulate is called gametangy. 

2. The female cells within the gametangium retain their morphological 
identity and develop to form oospheres. The oospheres are fertilized indivi- 
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dually. This type of fertilization is oogamous since the process occurs between 
an oosphere and a morphologically different male cell. 

3. There are numerous sexual nuclei in the male gametangium or anther- 
idium, each of which functions as a planogamete. In the female gametangium, 
or oogonium, on the other hand, only a few of the numerous nuclei persist and 
ultimately form oospheres. The remaining nuclei are functionless and finally 
disintegrate. Instead of the dozens or even the hundreds of zygotes or oospores 
which are theoretically possible, the type of sexuality existing in this family 
permits only a few actually to develop. In the genera Aphanomyces and Lepto- 
legnia, only a single oospore matures in each oogonium. 

The reduction in the.fertility due to the failure of sexual nuclei to mature 
represents an evolutionary degeneration of the sexual processes. 


Family 2. Peronosporaceae 


^ The following three characteristics of the family Peronosporaceae represent 
evolutionary advances beyond the level attained by the Saprolegniaceae: 

1. The zoosporangium responsible for asexual reproduction is significantly 
different from the mother hypha, and finally it becomes an independent con- 


idium; the mother hypha then becomes the conidiophore. 

2. The suppression of fertility has led to the maturation of only one oosphere 
in the female gametangium, or oogonium. The oosphere always is surrounded 
by a peripheral layer of vegetative cytoplasm called the periplasm. 

3. Parallel to the morphological differentiation of the sex organs, the Perono¬ 
sporaceae have evolved from a saprophytism adapted to aquatic or terrestrial 


habitats to a specific parasitism on higher plants.- 

Asexual cycle: The zoospores of those species of Peronosporaceae which 
produce these cells are reniform in shape and bear two laterally inserted flagella. 
One flagellum is whip-like and the other is ciliated (figure 17, 10). These zoo¬ 
spores therefore correspond to the secondary motile stage of the zoospores of 


the Saprolegniaceae, and like them, repeatedly encyst and escape from their 
walls (Drechsler, 1930)((^The subfamilies of the Peronosporaceae may be ar¬ 
ranged in three evolutionary series on the basis of the characteristics of the 
zoosporangia. These series are represented by the subfamilies Pythiaceae, 
Peronosporaceae, and Albuginaceae. 

^he subfamily Pythiaceae represents the lowest evolutionary group of the 
series (Mathews, 1931; Sideris, 1931; Saksena, 1936; Middleton. 1943). Tr^e 
zoosporangia are not present in the more primitive species of Pythium^^\x\ 
as Pythium gracile Schenk and Pythium monospermum Pringsh. Th 
branches of species of this type accumulate dense cytoplasm which escapes into 



a naked germination vesicle and then segments to form naked germ cells which 


62 


CLASS II • PHYCOMYCETES—ORDER 4 • OOMYCETES 


finally become zoospores (figure 48, 1-3). In the higher species of Pythium, for 
example Pythium aphanidermatum (Eds.) Fitzp. and Pythium graminicola Subr., 
the zoosporangia definitely are enlarged hyphae as in the Saprolegniaceae, 
although sometimes they are irregularly lobed. In the highest species of the 
genus, for example in the parasites Pythium ultimum Trow, and Pythium de Ba- 
ryanum Hesse, the zoosporangia are globular in shape (figure 48, 4). 

The zoosporangia of Pythium gracile 
Schenk exhibit the same level of evolutionary 
development as those of the genus Zoophagus 
whose hyphal branches, being sensitive to 
contact, twine parasitically around rotifers and 
ultimately cause their death. 

The genus Phytophthora is higher biolo¬ 
gically and morphologically than Pythium 
(Tucker, 1931). Biologically, most species 
of Pythium are primitive parasites which grow 
and reproduce saprophytically in soil rich in 
humus as well as parasitically within the cells 
of susceptible hosts. The genus Phytophthora^ 
on the other hand, is obligatorily parasitic 
and can complete its life cycle only within 
the tissues of appropriate hosts. The my¬ 
celium of Phytophthora grows intramatrically, 
absorbing nutrients from the host cells by 
short, deformed, hyphal branches or haus- 
toria. The reproductive hyphae extrude to 
the outside, usually through the stomata 
openings (figure 49, 7) of the host plant. 
Morphologically, the fructifying hyphae of Phytophthora cut off terminal 
zoosporangia as in the genus Pythium, but the further development of the zoo¬ 
sporangium is unlike that of Pythium because soon it is pushed to one side and 
a new terminal zoosporangium is formed. This process is repeated until a suc¬ 
cession of zoosporangia is produced (figure 49,2). Theoretically, this sequential 
formation of zoosporangia is unlimited as in Pythium, but in the genus Phyto¬ 
phthora for the first time in the ascending evolutionary series, the zoosporangia 
regularly become separated from the mother hyphae and are disseminated by 

the wind. 

f Asexual reproductive cells are called conidia if they become separated from 
tliie mother hypha, although different authors use this term in many senses. 
TTie hyphae which form conidia are called conidiophores. The zoosporangia 
of Phytophthora may be called conidia. The structure and mode of dehiscence 



Fig. 48. Two extreme types of 
zoosporangia in the genus Pythium. 
J-3 Pythium aclhaerens Sparr., ger¬ 
mination of a hyhha by a germination 
vesicle g. 4 Pythium salpingophorum 
Drechsl., a zoosporangium g has 
formed a short exit tube, the zoo- 
sporangia are swimming within the 
germination vesicle. x420. {1-3 

from Sparrow 1931 ; 4 from Drechs- 
LER, 1946.) 
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of the zoosporangia are characteristically different, at least to a certain degree, 
in the different species. These conidial zoosporangia germinate in rain water 
or dew and produce zoospores (figure 49, i-6). These reproductive cells are 
conidial in structure only because they function as zoosporangia in their ger¬ 
mination process as would be expected from the nature of their origin. Phyto- 
phthora therefore is propagated with great efficiency by two stages; the dissemi- 



Fig. 49. Asexual reproduction in the genus Phytophthora. I Phytophihora infestans (Mont.) 
de By. Three conidiophores extruding through a stomatal opening of the host leaf, with vesicle-like 
swellings // below the abscission wall of earlier conidia. 2-6 Phytophtfwra cactorum {\^ch. and Cohn) 

Schroet. Conidiophore and germinating conidia r, and germination vesicle 1 x 80 ; 2 xl 80 ; 

3-6 x440. (I from Fkank. in A. FisCHtR. 1892; 2~6 from Blackwfll, 1943.) 


nation of the zoosporangia or conidia is furthered by the wind, and the distri¬ 
bution of the zoospores is accomplished in water and in the w-ater films on the 
. surfaces of the host plants. The extraordinary rapidity of the distribution of 
the asexual reproductive cells is the cause of the sudden and disastrous epidemic 
infection of susceptible agricultural plants. The scattering of the conidia by the 
wind is the chief means of distribution and this makes species of the genus 
dangerous plant pathogens. 

-♦ The subfamily Peronosporaceae represents a higher stage of evolution, both 
biologically and morphologically, than is attained by Phytophthora. Biologi¬ 
cally, the increased degree of morphological differentiation is accompanied by 
the expression of a more specific and restricted parasitism. Pvthium and Phv- 
tophthora kill the host tissue, while the higher species of Peronospora stimulate 
the host cells to greater physiological activity, causing tissue proliferation and 
deformities. Pythium and Phytophthora are facultative parasites and may be 
I grown on artificial media in the laboratory. The highest genera of the Perono- 
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sporaceae, foi example P/asmopara and Peronospora, are obligate parasites, 
and cannot be cultivated on artificial or dead substrata. Accompanying this 
obligatory parasitism, there is a restriction in the number of susceptible host 
species. Pythium may parasitize representatives of unrelated plant families, 
while Phytophthora usually parasitizes only species of the same family, and 
many species of Peronospora are limited to single host species. 



Fig. 50. Conidiophores 
and conidia of BasUUophora 
entospora Roze and Cornu. 
St sterigma. x 160. (From 
A. Fischer, 1892.) 



Fig. 51. 
lactucae Reg. 


Part of a conidiophore and conidia of Bremia 
x200. (From Schwarze, 1917.) 


The Peronosporaceae, including the genus Phytophthora, sometimes are 
called false mildew by plant pathologists because of the appearance of the in¬ 
fected organs due to the numerous white or yellowish conidiophores. 

From the morphological viewpoint, the evolutionary trend of the Pythium- 
Phytophthora group of fungi is evidenced chiefly by the development of the con¬ 
idia. Germination usually is accomplished by the production of zoospores in the 
genera Basidiophora, Sclerospora, Plasmopara, and Pseudoperonospora, just as 
in Phytophthora. Only under exceptional conditions, for example in very moist 
air, is a germination tube produced. On the other hand, in the genera Bremia 
and Peronospora, germination regularly is effected by a germination tube. In 
Bremia, the germination tube develops from an apical papilla, and in Perono¬ 
spora it develops from any part of the conidial surface. The conidia of Bremia 
and Peronospora therefore are morphologically and physiologically true conidia. 
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The formation of motile zoospores again is suppressed, as in Aplanes, but by 
a different evolutionary sequence. 

The morphological specialization of the conidia also involves changes in 
the conidiophor e. The conidiophore no longer is hyphal in character as in 
Phytoplithoai. It no longer grows and produces conidia continuously, but 
Tructifies only when it has attained its full growth. The conidiophore presents 
a structure and type of branching characteristic of 
the species, and its morphology therefore can be 
used taxonomically to separate the genera. In 
Basidiophora, the conidiophore is unbranched 
(figure 50) and is enlarged gradually towards its 
tip. The apex bears several small projections, 
called sterigmata, each of which subtends a single 
conidium. In Bremia (figure 51), for example in 
Bremia lactucae Reg., the causal agent of false 
mildew of lettuce, the conidiophore itself is exten- 
si\ely branched, and its apices are concave en¬ 
largements. In Sclerospora (figure 52), the con¬ 
idiophore is somewhat swollen and irregularly 
branched, and after the dissemination of the 
conidia it assumes a wavy appearance. In Plasmopara (fig ure 53, /), for example 
in Plasmopara viticola (B. and C.) Berl. and de T., the cause of false mildew 
of grapes, the conidiophore is a panicle. In Pseucloperonospora and Perono- 
spora (figure 53, 2) usually it is repeatedly dichotomously branched. The details 
of this dichotomy are so specifically expressed that Gaumann (1923) has used 
them as a basis for the classification of the species. The conidia of Perono- 
spora do not fall from the conidiophore but are actively discharged away from 
it (PiNCHARD, 1942). ’ 

( The subfamily Albuginaceae includes only the obligatorily parasitic genus 
Albugo. The characteristics of the asexual reproductive processes of this genus 
represent an evolutionary side line of development, the ancestral types of which 
are unknown. The conidia do not develop extramatrically as in the Perono- 
sporaceac, but form compact masses of short chains beneath the epidermis of 
the host plant. The epidermis is finally ruptured by these masses. The fungus 
often is called white rust because of the light-colored powdery appearance 
which thenumerous irrupting masses of conidiophores impart to the host. The 
uppermost cell of the conidial chain acts as a buffer cell in the rupturing of the 
epidermis of the host. This cell probably is not capable of germination. The 
mother hyphae are simple in structure and have comparatively thick walls. 
Five to seven nuclei and an appropriate amount of cytoplasm accumulate in 
the terminal portion of the hypha which then becomes isolated by the deposi- 




Fig. 52. Mature conidio¬ 
phore of Sclerospora graniinicola 
(Sacc.) Schroet. x240. (From 
A. Fischer, 1892.) 


S Gaumann 
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lion of a cross wali. This cross wall isolates the conidium and is composed of 
three layers, of which the middle layer facilitates abscission (figure 54, 2-4d). 
The conidia germinate to form zoospores. 



Fig. 53. 7 conidiophore and conidia of Plasmopara viiicota (B. and C.) Berl. and de T. 

2 Perofwspora ranuticitli G'^urc\. 1 xI60; 2 xl20. (7 from Cornu, 1882; 2 from Gaumann, 1923.) 



Fig. 54. Albugo Candida (Pers.) Ktze. 7 conidial chains. 2-4 formation of conidia. Ex¬ 
planation in the text. 7 xabout 300; 2-4 x900. (7 from de Bary, in A. Fischer, 1892; 2-4 from 
Rosen, 1893.) 

i In contrast to the great variation in the asexual fructifications, the sexual 
reproductive organs are remarkably similar in most of the Peronosporaceae. 
A hyphal branch enlarges to form the oogonium and another branch becomes 
the antheridium. The oogonium contains from 100 to 300 nuclei, while the 
antheridium contains from 10 to 30 nuclei. In the early immature stage of the 
oogonium, its nuclei are distributed uniformly through the cytoplasm, but later 
the sexually functional cytoplasm accumulates in the central portion, forming 
the gonoplasm which ultimately becomes the egg. hell or oosphere. The peri- 
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pheral vegetative cytoplasm becomes the periplasm and it is not concerned with 
the reproductive process. The functional differentiation of the contents of the 
ooeonium proceeds further in the Peronosporaceae than in the Saprolegniaceae 
in which only the nuclei are differentiated into sexually functional and vegeta¬ 
tive types. This specialization of the cytoplasm distinguishes the single-egged 
Peronosporaceae from the single-egged Saprolegniaceae of the Aphanoin) ces- 

Leptolegnia group. 

The antheridium contacts the oogonium and pushes a germination tube 
through a pore in the oogonial wall. In species of Phytophthora of the infestans 
group, for example in Phytophthora infestans (Mont.) de By., Phy tophtnoi a 
ervthroseptica Peth. and Phytophthora phaseoli Thaxt., the antheridium coils 
around the base of the oogonium, encircling its short stalk and forming a kind 
of collar (figure 56, Ist). The male nuclei enter the oosphere through this tube 
and fuse with the female nuclei. The resulting zygote becomes a resting spore, 
and since it develops from the oosphere, it is called the oospore. In a few 
species of Pythium and Albugo, the oospore germinates to form zoospores 
(figure 57, /). In other species of Pythium, germination leads first to the forma¬ 
tion of a short-stalked zoosporangium (figure 57, J), while in Plasnwpara viti- 
cola (B. and C.) Berl. and de T., a large primary conidium (figure 58) is pro¬ 
duced, and in the genera Sclerospora and Peronospora germination involves the 
formation of a germination tube. Meiosis probably occurs in all species during 


germination. 

The only difference in the sexual processes among the representatives of the 
Peronosporaceae is in the behavior of the female nucleus while it is within and 
without the oosphere. Four evolutionary stages may be recognized on the basis 
of this behavior. These stages are not necessarily related to the probable stages 


of the evolution of the asexual reproductive structures. 

The lowest group is represented by Albugo bliti Biv., a parasite on species 
of Amaranthus (Stevens, 1899, 1940; Kin, 1929) and by Albugo portulacae 
(DC.) Ktze., which parasitizes Portulaca oleracea L. (Stevens, 1901; Kin, 1929). 
The sexually mature oosphere of these primitive examples is multinucleate and 
the nuclei in the immature oogonium are distributed uniformly throughout the 
cytoplasm (figure 55, /). The nuclei undergo division simultaneously, and most 
of them are pushed into the peripheral cytoplasm, away from the central area 
which later will form the oosphere. Some of the mitotic spindles are so located 
that only one of the daughter nuclei is found in the periplasm, while the other 
lies in the region of the developing oosphere (figure 55, i). From 40 to 60 nuclei 
accumulate in this manner in the originally non-nucleate oosphere (figure 55, 4). 
The oosphere nuclei again divide simultaneously (figure 55, 5) while the peri- 
sphere is entering a resting condition. The nuclei in the antheridium undergo 
two mitotic divisions while similar divisions are taking place in the oogonium. 
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The fertihzatioii tube of the antheridium penetrates to the center of the oosphere, 
enlarges at its tip, and then discharges about 100 male nuclei. The male nuclei 
approach the female nuclei and slowly fuse with them. Finally, the germination 
tube of the antheridium disintegrates, and the zygote develops a cell wall which 
is composed of an outer layer called the exospore, and an inner layer called the 
endospore. The functionless female nuclei remaining in the periplasm do not 
degenerate immediately, but they first assist the oospore to form a layer around 
the zygote which is called the epispore (figure 55, 6). 



Fig. 55. Maturation and fertilization of the oosphere of Albugo hliti Biv. I young male and 
female gametangia, a antheridium, o oogonium. 2-3 first mitotic division of the nuclei occurring 
while the nuclei are being expelled to the periplasm in the peripheral area. 4 some of the daughter 
nuclei are pushed back into the oosphere .v. 5 second mitotic division and the beginning of fertili¬ 
zation. 6 maturing oospore .sp in the oogonium o, and degenerating nuclei d in the periplasm. 
x660. (From Stevens, 1899.) 

The suppression of fertility due to the reduction of the number of functional 
female nuclei in the oosporangium is significantly greater in the three evolu¬ 
tionary groups described below. The mature oosphere in all three groups con¬ 
tains only a single nucleus, but the processes by which this uninucleate con¬ 
dition is obtained are different. 

The second and next highest evolutionary group is represented by Albugo 
tragopogonis Gray, a parasite on species of Tragopogon (Stevens, 1901 ; Kin, 
1929), and by Albugo ipomoeaepanduranae (Schw.) Sw. which parasitizes species 
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of /powoea (Stevens, 1904). As /)//7/Biv.,about 100 potentially female 

nuclei are present in the coenocytic egg cell, but only one is functional. The 
functionless nuclei disintegrate in Albugo tragopogonis Gray, and they accumu¬ 
late in the periplasm in Albugo ipomoeae panduranae (Schw.) Sw. 

The third and next highest evolutionary type is represented by Albugo lepi- 
goni Lev., a species which Ruhland (1904) has shown to be a parasite on 
Spergula marina (Wahlb.) Loeffl. A single functional nucleus migrates from 
the periplasm into the non-nucleate oosphere before the second mitotic division 





I'lG. 56. Maturation and fertilization of the oosphere of Hhyiophihora erythroscptica Pethybr. 
J enlarging oogonium o in which most of the nuclei d have already disintegrated, a antheridium, 
St oogoniul stalk. 2 lormaiion ol the oosphere and the degeneration of most of the nuclei in the 
periplasm. 3~4 mitosis ol the oosphere nucleus. 5 fertilization. 6 maturing oospore sp in the 
oogonium o. x 600. (From Murphy, 1918.) 

has taken place. This nucleus then divides simultaneously with the second 
mitotic division of the peripheral non-functional nuclei. One daughter nucleus 
resulting from the division of the oosphere nucleus disintegrates. 

The fourth and highest evolutionary stage is typified by most of the repre¬ 
sentatives of the Peronosporaceae. The following genera belong to this group: 
Pythium (Trow, 1901; Miyake, 1901), Phytophthora {PhJWY^KiDGE, 1913; 
PhiHYBKiuGE and Murphy, 1913; Murphy, 1918), Sclerospora (Ruhland, 
1904; McDonough, 1937), Plasmopara (Rosenberg, 1903; Ruhland, 1904; 
Nishimura, 1926; Arens, 1929) and Peronospora (Ruhland, 1904; Kruger, 
1910; Kin, 1929). The species Albugo Candida (Pers.) Ktze., a parasite on the 
Cruciferaceae (Davis, 1900; Stevens, 1901; Kruger,I9I0; Kin, 1929) also falls 
into this evolutionary group. In all of'these forms, there is no delay in the 
establishment of the functional female nucleus in the oosphere as in those forms 
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described prjN lously. A single functional nucleus remains in the oosphere dur¬ 
ing die difTerentiation of the gonoplasm and periplasm, and this nucleus divides 
siinuknneously with those in the periplasm (figure 56, 3). The genus Pythium 

probably is an exception. One of the daughter nuclei develops into the oosphere 
and the other dies and disappears. 

The fate of the functionless nuclei in the periplasm is different in this fourth 
evolutionary group. In Pythium and in Phytophthora, they degenerate and are 
absorbed (figure 56, 5), but in the higher genera they remain viable and carry 



Fig. 57. Types of germination of the Fig. 58. Phsmop.ira viticola {B. C.) 

oospores sp in the genus Pythium. 1 Pythium Berl. and de T. Germinating oospore sp with 
periplocum Drechsl., germination by the formation the formation of primary conidia c. x about 

of zoospores which escape through a germination 340. (From Arens, 1929 ) 

tube, g germination vesicle. 2 Pythium anandrum 

Drechsl., germination by zoospores forming a group at the mouth of the germination tube and 
escaping from their cell walls. 3 germination in which the germination tube first forms a zoo¬ 
sporangium z. x445. (From Drechsler, 1946.) 

on a vegetatively functional metabolism instead of their original sexual func¬ 
tion. Having lost their sexual function, these nuclei cooperate with the peri¬ 
plasm either to thicken the oogonial wall and thereby add to its power of resist¬ 
ance to unfavorable conditions, or to form a firm, variously sculptured epispore 
around the oospore. 

The fate of the excess male nuclei in the antheridium also is various. In all 
but the lowest evolutionary series, there is a functional difference in the uni- 






71 


SEXUAL DEVELOPMENT IN THE PERONOSPORACEAE 

nucleate female and the multinucleate male gametangia. In most instances, all 
the male nuclei remain intact, but only one enters the oogonium. On the other 
hand, Miyake (1901) has shown that all but one of the male nuclei disintegrate 
in Pvthium de Baryanum Hesse. The same situation also exists in Phytophthof a 
erythroseptica Peth., Albugo tragopogonis Gray and Albugo iponweaepanduranae 
(Schw.) Sw., for in these forms a single sexually functional male nucleus persists 

as a morphological entity. 

The sexual life cycle of the Peronosporaceae is 
seen from the above discussion to exhibit the two 
following significant characteristics: 

1. Although in the Saprolegniaceae only the 
nuclei in the oogonium are differentiated into sexu¬ 
ally functional and non-functional types, in the 
Peronosporaceae the cytoplasm also is involved by 
becoming differentiated into the functional ooplasm 

and the vegetative periplasm. 

' 2. The evolutionary tendency to lessen repro¬ 
ductive fertility by reducing the number of functional 
sexual nuclei in the oogonium has led to the for¬ 
mation of a uninucleate oosphere in the highest 
members of the Peronosporaceae. The product of 
the gametangial copulation, then, is a single uninu¬ 
cleate resting spore. The final result of this evo¬ 
lutionary trend toward gametangial copulation and 
the diminution in the number of functional sex cells 
in the Peronosporaceae is the same as the result of 
gametangial fusion in Olpidium and in the Blasto- 
cladiales^" 

A similar evolutionary trend toward the reduc¬ 
tion of sexual fertility will be seen in the Zygomy¬ 
cetes as that group exhibits an evolutionary series 
parallel to that of the Oomycetes (figure 1). 

k/ Family 3. Lepiomitaceae 

The family Lepiomitaceae exhibits the last return to the level of the aquatic 
Phycomycetes in the evolutionary development of the fungi. Members of this 
family are aquatic and subsist on organic detritus. The species Leptomitus lac- 
teus (Roth) Ag. thrives in water containing protein. The reproductive cycles 
in this family exhibit characteristics typical of the most diverse types of Phyco¬ 
mycetes. The vegetative thallus is reminiscent of that of the Blastocladiales 



Fig. 59. Leptomitus lac- 
tens (Roth) Ag. 1-2 sections 
through the hyphae, z imma¬ 
ture zoosporangium, e empty 
sporangia. 3 zoospores. 1-2 
x200; 3 x285. (From 

PRINGSHEIM, 1860.) 
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since it is attached to the substratum by a special type of basal cell. The cell 
wall gives the chemical reaction of cellulose as also is the case in the Oomyceles. 
The periodic constrictions of the hyphae present in the genus Gonapodya re¬ 
semble those occurring in the Monoblepharidales. The probable diplany in the 
asexual reproductive cycle relates the Leptomitaceae to the Saprolegnia evolu- 



Fig. 60. Rhipidium Thaxteri v. M. Thallus with basal cell B, immature zoosporangia z, 
and empty sporangia e; and sexual organs, a antheridia, and o oogonia. x about 40. (From von 
Minden, 1916.) 

tionary series. The primary motile stage of the zoospores likewise is suppressed. 
The sexual reproductive cycle exhibits characteristics which are transitional 
from the level of the Saprolegniaceae to the highest forms of the Peronospora- 
ceae. 

The vegetative thallus of the most primitive genera, such as Leptomitus^ 
Apodachlyella and Apodachlya, is composed of ordinary hyphae (figure 59) 
which are characteristically constricted at regular intervals. The constrictions 
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are plugged with a globule of cellulin. The thallus of the higher types, repre¬ 
sented by Rhipidium (figure 60), Sapromyces and Araiospora, is composed of 

hyphal branches from a usually stem-like basal cell. 

Asexual cycle: Members of the genus Leptomitus, like the more simple 
species of Prthium, do not produce morphologically differentiated zoosporangia. 
The terminal segment of a hypha enlarges slightly (figure 59), and its proto¬ 
plasmic contents segment directly to form zoospores. This process is repeated 
by the next lower hyphal segment and the entire hypha is potentially zoosporo- 
genous. The zoosporangia of the other genera (figure 60) are morphologically 
recognizable, even in the immature stage. There are even two kinds of zoo¬ 
sporangia present in the genus Araispora, one of which is thin-walled and 
smooth, and the other is thick-walled and intricately ornamented with firm 
papillae or little horns. This latter type of zoosporangia undergoes a resting 
phase and corresponds biologically to a gemma. 

Sexual cycle: Sexual organs have not been observed in the genus Lepto- 
mitus. Although the cytology of Apodachlyelta has not been studied, it is 
known to form oogonia containing from four to seven oospheres of the type 
produced by the Saprolegniaceae. The genus Apodachlya corresponds to the 
single-oosphere producing Aphanomyces and Leptolegnia of the Saprolegniaceae 
(Kevorkian, 1935). All but one of the female nuclei in the oogonium degenerate 
and the cytoplasm does not differentiate to form ooplasm and periplasm. A 
differentiation of the cytoplasm occurs for the first time in the genera Rhipidium 
(Behrens, 1931), Sapromyces (Kevorkian, 1935) and Araiospora (King, 1903). 
The evolutionary trend in the differentiation of the oogonium is very similar 
to that exhibited by the Peronosporaceae (figure 56). Germination of the 
oospore has been observed with certainty only in Apodachlya. In this instance, 
germination was accomplished by a germination tube. 

5. Order Zygomycetes 

The Zygomycetes represent an evolutionary sequence parallel to that of the 
Oomycetes (figure 1). The group is recognized by the following characteristics; 

1. Sexual reproduction occurs by the copulation of undifferentiated coeno- 
cytic gamelangia. This type of fusion is called zygogamy, and hence the name 
Zygomycetes is bestowed on the group. 

2. Asexual reproductive processes usually resemble those of the algae. Mo¬ 
tile cells, such as zoospores and others, are suppressed and the sporangia pro¬ 
duce spores which are disseminated by the wind. 

3. Septate hyphae appear for the first time in the family Entomophthora- 
ceae, as a side line of the evolutionary development of the group. 

4. The cell walls exhibit a chitin reaction. 
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5. The Zygomycetes, like the Oomycetes, progress from an aquatic to a 

terr stria) habitat. 

i iiree families are recognized and may be separated by the following key: 


I 



AA. 


Asexual reproductive organs represented by sporangia. 
B. Zygospores produced singly. 


Family 1, Mucoraceae (page 74) 

BB. Zygospores produced collectively in a sporocarp. 

Family 2. Endogonaceae (page 86) 

Asexual reproductive organs represented by conidiophores and conidia. 

Family 3. Entomophthoraceae (page 89) 


Endogonaceae 



Chytridiales 


Fig. 61. The probable phylogenetic relationships of the Zygomycetes. 


The probable ancestral relationships betv^een the various evolutionary bran¬ 
ches of the Zygomycetes are represented graphically in figure 61. The two main 
developmental lines, the Mucoraceae and the Entomophthoraceae, probably 
are not related directly, but are grouped together only because they both possess 
a similar type of zygogamous sexuality. Both of these families probably origin¬ 
ated from the Chytridiales, although there are no transitional forms known. 


Family 1. Mucoraceae 

The members of the family Mucoraceae (Zycha, 1935), commonly called 
bread molds, usually live saprophytically on plant or animal residues. They 
rarely are parasitic on other members of the Mucoraceae or on higher plants 

4 

and animals. The thallus of a few types, for example of Rhizopus and Absidia^ 
does not spread evenly over the surface of the substratum. In these forms, 
individual non-septate hyphae form stolons which develop buds at intervals 
from which rhizoidal branches penetrate the substratum. These rhizoidal 
branches are called app ressori a because the actual contact of the thallus with 
the substratum depends on them. 
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The hyphae of other species, chiefly those of Mucor and Rhizopus, break 
up into short sections called oidia if they are cultivated in a sugar-containing 
medium in the absence of sufficient oxygen. Under more favorable conditions, 
these mycelial fragments or oidia resume growth by a type of budding, forming 
additional cells of the same type. The ability to form budding mycelial frag¬ 
ments of this type is widely distributed in the fungi (Martin, 1929). For ex¬ 
ample, it occurs in the order Taphrinales in the Ascomycetes, in the smut fungi 
and in the Exobasidiaceae in the Basidiomycetes, and in certain/w/ig/ imperfecti, 
especially in the genus Torula (Lodder, 1934; Diddens and Lodder, 1942). It 
is apparent from these examples that a budding type of growth is not a dis¬ 
tinguishing characteristic of the true yeasts. Thick-walled gemmae which are 
able to withstand unfavorable conditions may be formed by the hyphae of the 
Mucoraceae. 



Hio. 62. Sporangia of iwo species of Mucoraceae. I Rhizopus nigricans Hhr., with rhizoids 
or appressoria a and stolons st. 2 Piloboln.s crystallinus (Wigg.) Tode. Explanation in text. >'about 
20. (/ from Atkinson, in Eitzpatrick 1930; 2 from Breffld 1881.) 


Asexual cycle: The characteristics of the asexual reproductive cycles of the 
Mucoraceae are the bases for the taxonomic classification of the group. The 
Mucoraceae may be divided into four subfamilies which collectively represent 
a series leading from endogenous sporangiospores to exogenous deciduous 
conidia. A similar evolutionary series is exhibited also by the Peronosporaceae. 

When asexual maturity has been attained by the mucors, erect hyphal bran¬ 
ches develop which become sporangiophores. A cross wall isolates the proto¬ 
plasmic contents of the sporangiophore from the mother hypha. Th e tip e n- 
larges to form a globular head (figure 63, I) and this enlargement ultimately 
becomes the sporangium. There is an accumulation of cytoplasm, nuclei, and 
reserve foods in the developing sporangium, and most of the cytoplasm ac¬ 
cumulates toward its periphery. About JOO nuclei are present, and these also 
tend to accumulate in the peripheral layer. The central portion forms numerous 
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narrow, peridinal vacuoles (figure 63, Vv) arranged in a continuous dome-like 
layer o\ cr the columella. These vacuoles become still wider, and by their lateral 
lusion the sporangium becomes separated into an outer cap rich in nuclei and 
cytoplasm, and a central portion poor in nuclei and cytoplasm. The central 
portion (figure 63, 6p, 7p) then secretes a cell wall (figure 63, 6w, 7w) which 
completes the division of the sporangium into the outer fertile layer and the 
central sterile portion. The columella is barrel-shaped because of the manner 



Fig. 63. Asexual reproduction of the Mucoraceae. / formation of the sporangiophore of 
Mucor Mitcedo (L.) Fres. 2-11 stages in the development of the sporangiospores of Pihbolus 
crystallinus (Wigg.) Tode. 2-3 ii<imature sporangial heads with peripheral dense cytoplasm and 
central depleted cytoplasm. 4 early stage of vacuole formation v, which later coalesce to cause the 
separation of the columella c. 5-6 formation of protospores, s sporangial wall, g gelatinous layer 
which is developed by the sporogenous protoplasm in Pilobolus and which causes the dehiscence 
of the mature sporangium. 7—10 development of the protospores to form sporangiospores, w colu¬ 
mella wall, p degenerate central protoplasm. //germinating sporangiospore. I x235; 2-4 x about 
200; 5-7 x375; 8-11 x625. (/ from Leger, 1895; 2-11 from Harper, 1899.) 

of its origin, and it persists as the sporangiophore even after the sporogenous 
layer has discharged its spores and has disappeared. The nuclei within the 

columella disintegrate. / . / 

The peripheral layer, called the spore cap, is the sporogenous tissue. The 
spores are formed by three different processes depending on the species. The 
most advanced of these processes from the evolutionary viewpoint is exemplified 
by the genus Pilobolus (Harper, 1899) in which the sporogenous protoplasm 
first splits to form Uninucleate portions (figure 63, 6) known as protospores. 
The protospores become round in shape and enlarge. The nucleus undergoes 
several divisions (figure 63, 7) and the cytoplasm segments into several multi- 
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nucleate portions. These portions themselves become round, secrete cell walls, 
and become the true sporangiospores (figure 63, 9sp, lOsp). The process of spore 
formation exhibited by Pilobolus is strongly reminiscent of the similar process 
in Svnchvtrium, and one therefore might assume that there is a preliminary for¬ 
mation of a sorus and that the sporangiospores correspond to reduced spor¬ 
angia. But this similarity of the morphological details of sorus formation must 
be considered in the light of the probable evolutionary ancestors of the group. 



Fig. 64. Variations of the sporangia of Blakeslea frispora Thaxt. I sporangiophore with 
sporangiole-bearing heads. 2 original form of the sporangium with columella c. 3-4 more primitive 
types. 5-6 stages in the development of sporangioles. I about 170; 2-6 xabout 400. (From 
Thaxtfk, 1914.) 

The more primitive types represented by the genus Circinel/a (Moreav, 1914; 
ScHWARZF, 1922) secrete a cell wall around the uninucleate protospores which 
then directly become sporangiospores. 

Other primitive types arc represented by most of the genera in the Mucora- 
ceaCy for example by Ahsidia, Mucor, Phycomyces, Rhizopus, Sporodinia and 
Zygorhynchus {Mokeav, 1914). In these genera, the protospore stage is omitted, 
and the sporogenous tissue segments directly into multinucleate portions which 
then secrete cell walls to become the sporangiospores. 
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The outer vail of the sporangium disintegrates or falls away when the spor- 
angiospores are mature. Only the firmer, lower parts of the sporangial wall 
pcrsisi a.nd adhere to the columella to form a collar-like ring at the base of the 
sporangium (figure 68, lb). The sporangiospores germinate with a germination 
tube (figure 63, 11). Only in Pilobolus does the sporan^ophore enlarge to form 
a conspicuous swelling^ffigure 62, 2i) below the sporangium'ffigure 62, 2sp). 
Absorption of water causes this subsporangial enlargement to burst with an 

audible snap, thereby scattering the sporangiospores in all directions for a dis¬ 
tance of more than one meter (Buller, 1934). 



Fig. 65. Syucephalastrum cinerettm Bain. Sporangioles / borne on the 
original sporangium 5. x735. (From Moreau, 1914.) 


sterigmata on the 




The subfamily Cephalidiaceae represents a primitive side line in the evolu¬ 
tionary sequence of the Mucoraceae. The formation of the sporangiospores is 
delayed until the mother sporangium has enlarged and produced numerous 
radiating daughter sporangia. The sporangiospores are formed within these 
daughter sporangia. 

^ The genus Blakeslea is capable of producing sporangiospores by various pro¬ 
cesses and may be regarded as the transitional form. When grown on poor 
nutritional media (Goldring, 1836), Blakeslea trisporaThsixi. (Thaxter, 1914; 
Weber and Wolf, 1927) produces typical, multisporate Mucor sporangia pos¬ 
sessing large columellae (figure 64,2c). These columel lae show a strong tendency 
toward degene ration . A more favorable culture medium will cause the diameter 
of the sporangia to decrease, fewer sporangiospores to be produced, and the 
columellae to become smaller and even to disappear entirely (figure 64, 3). 
Nutritionally rich media, on the other hand, cause sporangiospore formation 
J.O be delayed until the mother sporangium has enlarged and produced small 
vesicles, the sporangioles, radiating from its surface. The contents of each 
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sporangiole segments to form three sporangiospores (figure 64, 5-6). The spor- 
angioles fall from the mother sporangium at maturity and become distributed 
by various agencies. The genus Blakeslea is morphologically unstable and per¬ 
mits its sporangiospores to develop in a mother sporangium or in numerous 
extrasporangial sporangioles, depending on nutritional conditions. 

The ability to produce normal Mwcor-sporangia is lost in the genus Syn- 
cephalastrum (Moreau, 1914). The extrasporangial deciduous sporangia, or 
sporangioles (figure 65/), on the other hand, again appear in the form of cylin¬ 
drical tubes which contain numerous nuclei and produce many sporangiospores. 
These sporangiospores are released by the disintegration of the walls of the 
sporangioles. 

The sporangiospores remain per¬ 
manently attached to the wall of the 
sporangiole in the Syncephalis 

(Thaxter, 1897). The rod-shaped 
sporangiole becomes broken into 
unisporate sections by the action 
of the gelatinous dehiscence ring (fig¬ 
ure 66d). In Syncepholis aurantiaca 
Vuill. (VuiLLEMiN, 1902), the sporan¬ 
gioles are subdivided by cross walls 
so that the sporangiospores appear 
to be arranged in fans. The split¬ 
ting of these cross walls releases 
oidia-like fragments, each of which 
contains a sporangiospore. The spor¬ 
angiospores therefore are enclosed 
by the sporangial wall when they are 
disseminated. 

The functionless mother sporan¬ 
gium in these three genera retains its 

globular form, and collaborates with the reproductive process only by produ¬ 
cing the sporangioles. It has degenerated to such an extent that the sterile inner 
part no longer is separated from the peripheral sporogenous protoplasm by a 
columella wall. The genus Piptocephalis, which parasitizes other species of Mu- 
coraceae, bears sporangia which have degenerated to such an extent that their 
spherical shape is lost and they appear only as shrivelled, irregular, basal cells 
bearing sporangioles at their tips. As in Syncephalis aurantiaca Vuill., the 
sporangioles fragment to form single-spored units in which the sporangiospore 
wall is fused with the wall of the sporangiole. The sporangiophore has degener¬ 
ated to a kind of conidiophore as in the genus Peronospora in the Oomycetes. 




f'lo. 66. Syncephalis pycnospernia Thaxl. 
1 cluster of sporangioles borne at the tip of the 
sporangium. 2 immature sporangioles. i abscis¬ 
sion of the sporangiole. 4 section of sporangiole 
with sporangiospore and abscission ring d. I x 
about 180; 2-3 x 480; 4 x860. (FromTHAXTiR 
1897.) 
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This conidiophore can be recognized as being originally a sporangiophore only 
by phylogenetic comparisons. 

The second divergent side line of evolution in the Mucoraceae also leads 
from sporangia to the production of conidia. The family Thamnidiaceae is 
comprised of forms representing this trend. In Thamnidium elegans Link (fig- 
t^jre 67, /), the mother hyphal branch produces at its tip an enlarged, multisporate 
sporangium with a Mucor columella. Dichotomous branches arise laterally, 



Fig. 67. Primitive types of sporangia in the Thamnidiaceae. Thamnidium elegans Link. 
1 sporangiophore with a main axis x, with a terminal Afi/ror-sporangium m and with large and small 
sporangioles a, b. 2 Thamnidium chaetocladioides Bref., sterile hyphal axis with lateral sporangioles. 
3 Chaetocladium Brefeldii v. T. and Le M., conidiophore bearing conidia. 4 multinucleate con¬ 
idia (sporangioles) which will ultimately become detached. 1 x80; 2 x200; 3 x300; 4 x 800. 
{I~3 from Brefeld, 1881 and 1891; 4 from Leger, 1895.) 


which bear larger sporangioles on their upper parts than on their lower. The 
sporangioles are deciduous. Under favorable nutritional conditions, the spor¬ 
angioles are large, sporangium-like structures containing numerous spores. 
The number of sporangiospores in a sporangiole decreases to a single spore 
under unfavorable nutritional conditions. 

The terminal sporangia usually abort in Thamnidium chaetocladioides Bref. 
(figure 67, 2) which renders the main hyphal branch sterile^ However, under 
such special conditions as a rich nutritional medium, a terminal sporajpgium 
may be formed. 

Usually there is no terminal sporangium in the genus Chaetocladium^ and 
even the sporangiole is degenerate in type and contains only one spore. The 
wall of the spore is fused with that of the sporangiole as in Piptocephalis, In the 
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species Chaetocladium Jonesii Fres., the same dual nature of thecell wall appears. 
The wall of the sporangiole becomes essentially the exospore of the released 
spore. This differentiation is suppressed in' Chaetocladium Brefeldii v. T. and 
Le M. and the unisporate sporangiole germinates directly with a germinating 
lube. The sporangium is seen to have evolved to a conidium. 

A third divergent side line of evolution in the Mucoraceae is represented 
by the family Choanephoraceae. The transitional stages ot ev^! ** '’**/7.,spor- 

angiospore formation in sporangioles are omitted, and the sporangiospores are 
formed directly in conidia borne by the mother sporangium. 

Labile transitional forms appear in the genus C/7oa/7(?/7//o/*a (Wolf, 1917). A 
typical A/wcor-sporangium containing a columella (figure 68, /) is formed under 
unfavorable nutritional conditions, but in a rich culture medium, spore forma¬ 
tion is delayed; and instead of forming endogenous sporangiospores, the sur¬ 
face of the sporangium produces small vesicles which become conidia and fall 
free from the mother sporangium. Choanephora therefore possesses not only 
endogenous sporangiospores, but also conidia. The endogenous sporangio¬ 
spores are smoth and bear a short tuft of hair at each end, while the conidia 
are marked with longitudinal lines and lack the terminal tufts of hair. 



Fig. 68. Choanephora manshurica (S. 
and N.) Tai. 1 remainder of the columella 
after the shedding of the sporangiospores. 
c columella, b basal collar. 2 conidio- 
phore which has already shed most of its 
conidia. conidia, the place of attach¬ 
ment to the sporangium is visible, i-2 
x200; 3 x360. (From Tai, 1934.) 



Fig. 69. Development of the conidiophorc in 
Cunninghamella. I enlarging hyphal tip of Cunning- 
hamella elegans Lendn. 2-3 developing and abscissed 
conidia of Cunninghamella eehinulata (Matr.) Tha.xt. 
x550. (From Moreau, 1914.) 


The endogenous sporangiospores are suppressed in Cunninghamella (Cutter, 
1946) and in Rhopahmyces (Boedijn, 1927). It is true that the sporangiophore 
enlarges to a terminal ball as if it were beginning to develop a sporangium, and 
the contents separate into a watery central portion and an outer layer rich in 
cytoplasm and nuclei (figure 69). The peripheral region does not segment into 
sporangiospore initials, but develops several vesicles attached to the mother 
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sporangium by sterigmata. Each vesicle receives three to eight nuclei, and at 
maturity, falls away as a conidium. 

The functionless central portion of the sporangium in the genus Coemamia 
(Linder, 1943) loses its spherical shape and sporangial character as in the genus 
Piptocephalis (Linder, 1943)r in the family Cephalidaceae. This portion be¬ 
comes septate, asymmetrical, and shaped like 
a comb (figure 70, 2). Tufts of single-celled 
conidia are borne laterally on sterigmata 
(figure 70, 2c). For the third time, an evo¬ 
lutionary series within the Mucoraceae has led 
from the sporangiophore with endogenous 
sporangiospores to the conidiophore bearing 
conidia exogenously. 

The fourth, and last, divergent side line 
of evolution within the Mucoraceae is repre¬ 
sented by the family Mortierellaceae, in which 
the central mother sporangium is so far dege¬ 
nerated that it, itself, becomes a conidium. 

The sporangium of Mortierella (LinNe- 
MANN, 1941) superficially appears to be Mu- 
ccr-like. The contents are not differentiated 
into an inner sterile region and an outer sporo- 
genous zone; consequently there is no col¬ 
umella. The entire sporangial contents seg¬ 
ment into sporangiospores. The number of 
sporangiospores in a sporangium is progres¬ 
sively smaller in different species until only a 
single sporangiospore is produced. 

^ ^ j u Haphsporangium (Thkxtek, \9\4\ Bjor- 

Fig. 70. Conidiophore of Coe- r r o \ 

mansia. I hsihii Coemansia reversa LING, 1936) regularly forms only one Spore. 

V. T. and Le M. 2 tuft of conidia of The sporangioles remain minutely small and 

Coemansia gua.emalensis Ex- de^iduOUS. The SporC Wall is very thin, 

planation in the text. 1 x240; 2 ^ 

x500. (From Linder, 1943.) while the wall of the sporangiole IS thick and 

sculptured. Again it is seen that the course of 
evolution has led from the sporangium to the conidium in this side line of the 
development. This trend has progressed so far that the mother sporangium 
itself has become the conidium in the genus described. 

The character of the conidium of the four families described is morpho¬ 
logically different. They all differ from the conidium of the genus Peronospora 
in the Oomycetes. In Piptocephalis^ the conidium represents a single-spored 
fragment of the sporangiole. In Chaetocladium, the conidium is a single-spored 
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The fact that the gametangia of most species of Mucoraceac are about equal 
in size indicates that copulation is. isogamous, at least morphologically. In 
the genus ZygorhynchuSy one gametangium is thick and the other narrow even 
though the thalli are homoth^llic. Because of this difference in the size of the 
gametangia, the copulation bridge is asymmetrical, and the zygospore is conical 


in shape. This is an example of apparent 
heterogamy, but cytofogically, the game¬ 
tangia are is ogam ous. The zygospore 
of Syncephaiis does not develop in the 
fusion cell itself. It originates in some 
unknown manner as an enlargement 
on the outer surface of the wall of one 
of the gametangia near the cross wall 
between the gametangium and its sus- 
pensor (Thaxter, 1897). 

In a few genera, such as Absidia 
and Phycomyces, stiff and dark-colored 
hyphae grow from the suspensor cells 
and coil around the zygospore, forming 
a more or less protective covering (fig¬ 
ure 72). In the genus Mortierella^ vege¬ 
tative hyphae entwine around the copu¬ 
lating cells (figure 73) to such an extent 
that the zygospore becomes enclosed 
within a capsule-like structure whose 
surface appears brown and cutinized. 
This structural association of vegetative 
hyphae with the zygospore may be re¬ 
garded as the earliest appearance of a 
true fruiting body in the Phycomycetes. 
Examples also occur of gametangia, 
which do not have the opportunity to 



I iG. 74. Germination of the zygo¬ 
spore. I germination with sporangium by 
Mucor Mucedo (L.) Fres. 2 germination by 
conidiophore by Chaetocladium Brefeldii v. T. 

and Le M. / 80; 2x100. (From BRFFn o 

1872.) 


copulate, Forming a many-layered wall about themselves and developing par- 

thenogenetically into asexual resting spores. This type of spore is known as 
an azygospore. 

\ The germination of the zygoyjore occurs only under favorable conditions 
and after it has passed through a dormant stage. During germination, an exo- 
jore forms and the endospore produces a germination tube which normally 
develops into a sporangium or a conidiophore (figure 74). Examples of the 
Mucor type undergo karyogamy immediacy after_plasmogamy. Meiosis fol¬ 
lows immediately, even before the onset'of the resting phase. Examples of the 
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Phycomyces type, on the other hand, have been shown by Burgeff (1928), 
Cutter (1942), and Sjowall (1946) not to undergo karyogamy and meiosis 
until the germination of the resting spore. 

The Mucoraceae exhibit three lines of evolutionary development which may 
be described briefly as follows: 

I. Exogenous conidia replace the more primitive endogenous sporangio- 

2. The gametes are no longer differentiated 
into motile sexual cells, but the undilferen- 
tiated mother cells (the coenocytic multinu- 
cleate gametangia) fuse directly. This type of 
gametangial copulation is termed zygogamy. 

3. The multiple karyogamy which results 

from gametangial fusion does not lead to the 
formation of a simple zygote as in Olpidium, 
The product of copulation is a coenozygote 
whose numerous diploid nuclei undergo mei/ 
osis individually. ^ 

_ _V 

Family 2, Endogonaceae 

The family Endogonaceae is comprised of 
a group of fungi which live saprophytically 
on decaying plant material or in the soil. The 
sporocarps, or fruiting bodies, often have 
characteristic shapes and may attain a dia¬ 
meter of several centimeters. Sporangia, zygo¬ 
spores, and chlamydospores are produced 
within the hyphal mat. Tn the genus Endogone, 
these structures are distributed throughout 
the hyphal mat, while in Sclerocystis (figure 75) they occur in definite sporo- 
genous layers. 

The tendency toward the formation of morphologically recognizable fruiting 
bodies connects the Endogonaceae to the genus Mortierella (figure 73) in the 
family Mucoraceae. The sporangia also resemble those occurring in the genus 
Mortierella, and like them they do not possess a columella. The sexual stages 
form the chief basis for the discussion of the evolutionary trends exhibited by 

the Endogonaceae. 

The copulating branches are morphologically differentiated into a recogniz¬ 
able slender male and a broader female. In Endogone sphagnophUa Atk. the multi- 
nucleate coenocytic gametangia copulate as in the Mucoraceae (Atkinson, 1918, 


\ Spores, as in the Oomycetes. 



Fig. 75. Section through the 
fruiting body of Sclerocystis Dussii 
(Pat.) V. H., enclosed by a coarse- 
celled, orange-yellow sheath. The 
zygospores z are arranged in a sporo- 
genous layer. xl20. (FromTHAXTER 
1922, in Zycha, 1935.) 
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Kanouse, 1936). Bucholtz (1912) also found that the copulating branches of 
Endogone lactiflua Berk, in the early stages possess numerous potentially sexual 
nuclei (figure 76, 7) which are grouped near the periphery of the gametangium. 
These nuclei undergo division simultaneously, but only one nucleus in each 
gametangium persists and becomes sexually functional. The remaining non¬ 
functional nuclei migrate into the suspensor and degenerate after becoming cut 
oflTby a cross wall from the functional segment of the gametangium. The ma- 



nuV," zygospore of En,o,one Uu-nfl.a 

funclional nuclei are cut off by a cross wairand gametangium. 2 the sexually 

completed. 4 the zygote has formed a vesicle 5 rt initiated. 3 plasmogamy has been 


cure gametangium, therefore, ultimately becomes uninucleate (figure 76 2) The 
vestre imo ' i h''hfo™s a chin-walled 

t or r^e r’ The slma! 

p.rsiSg IhroSTh H '• '’•■‘’'’“'’'T “"h after 

passing through the digestive tract of an animal. 
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There are three noteworthy characteristics of the sexual cycle of Endogone 
lactifluci Berk. 

1. There is a reduction in the number of functional reproductive nuclei in i 
the gametangium, just as in the Saprolegniaceae and Peronosporaceae. Numer¬ 
ous zygotes, each of which is uninucleate, result from the copulation of the 
gametangia in Olpidium and in the Blastocladiales. The degeneration of sexuality 
in the Mucoraceae results in the suppression of the differentiation of sexual 
cells; and the multinucleate mother cells, the gametangia, copulate directly to 



Fig. 77. Enlomophihora fumosa Speare. 1-5 

of a hyphal body, with the formation of a conidium. 


division of the hyphal bodies. (5-/0 germination 
II-I2 mature and germinating conidia. x about 


LIOO. (From Rees, 1932.) 


form a multinucleate zygote, and ultimately a multinucleate resting spore^ A 

similar line of evolution exists in the Oomycetes. The 

the single zygote and its numerous nuclei is again approac e y 

lactiflua Berk. However in this species, even though the gametangia are m 

nucleate initially, they become functionally uninucleate at the ^ 
tion. The product of copulation therefore still is uninucleate, just as in p 
and the Blastocladiales. Thus, in the Phycomycetes, both the Oomyce 
Zygomcetes complete an evolutionary cycle and attain in their mo 
evolved forms the same evolutionary level that they had in the beginning 
2. The postponment of karyogamy fundamentally is another mam es 

of the diminishing sexual impulse, as the process 

ceed as one continuous process but becomes separated into the two is i 
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plasmogamy and karyogamy. This tendency toward the postponment of karyo- 
gamy becomes established even more definitely in the Ascomycetes. 

3. The product of copulation in the Endogonaceae, the zygote, no longer 
is unprotected, but is imbedded within the hyphal matrix of the fructification 
or sporocarp. The sporocarp attains a high degree of development in the Asco¬ 
mycetes. 


Fa m i ly 3. Entomoph thoraceae 

We observe in the family Entomophthoraceae a return to the evolutionary 
level of the Zygomycetes. A conidia-forming evolutionary series develops paral- 
lelly with the sporangia-forming series of the Mucoraceae and the Endogona¬ 
ceae (figure 61). 

Most representatives of this family are parasitic. Berdan (1938) described 
Ancylistes as parasitic on algal cells. The genus Conidiobolus parasitizes higher 
fungi. Completoria attacks fern prothallia, and Empusa and Entomophthora fre¬ 
quently are found on insects. A few types, such as Basidiobolus, are saprophytic, 
inhabiting the stomach and intestines of frogs and lizards. Sawyer (1933) re¬ 
ported that the conidia of the species which parasitize insects adhere to the hairs 
or bristles on the epidermis of the host and produce a germination tube which 
enters the body of the insect through a spiracle or through thin-walled mem¬ 
branaceous parts. Once within the host, the parasite feeds chiefly on the fatty 
tissue, and develops septate hyphae. Within a short time, the hyphae break up 
into irregular multinucleate fragments called hyphal bodies. The hyphal bodies 
multiply by budding or by division, and become distributed throughout thebody 
of the host by being carried along in its blood vessels. After two or three days, 
Empusa muscae Cohn completely permeates the body of the house fly. As death 
approaches, the infected flies frequently congregate on a window pane, and the 
epidemic death of house flies in the autumn commonly is due to this parasitic 
fungus. Levisohn (1927) found that the development of Basidiobolus ranarum 
Eid. in the stomach of the frog proceeds in much the same manner. This para¬ 
site usually reaches the stomach by way of beetles which are infected with the 
conidia and consumed as food. 

The asexual reproductive cycle is similar in all genera of the family. The 

conidiophores bear conidia at their tips (figure 77, H-ll). The cross wall cutting 

off the conidium differentiates into two layers which facilitate the shedding of 

the mature conidium (figure 78). The conidiophores actively discharge the 

conidia, and Sawyer (1931) and Couch (1939) have described the ring of dust- 

hke conidia visible around the dead fly. The hyphal fragments within the host 

extend germination tubes through the body wall of the insect and cut off their 
conidia externally. 
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The sexual reproductive cycle is similar in all the genera of the family 

Entomophthoraceae. Copulation takes place between two multinucleate un- 

diflferentialed gametangia. The cytological details of this process have been 
observed in only a few species. 



Fig. 78. The formation and abscission of the conidium of Entomophthora spaerosperma Fres. 
( = Empitsa radicans Bref.) on the larva of the cabbage butterfly. Explanation in the text. (Modified 
from Sawyer, 1931.) 



Fig. 79. The development of the zygospore of Entomophthora echinospora Thax. x375. 
(From Riddi.e, 1906.) 

True copulation branches are formed by the genus Conidiobolus and they 
consist of a suspensor cell and the gametangium. In Conidiobolus utriculosus 
Bref., which parasitizes the fructifications of the higher fungi, the isogamous 
copulation leads directly to the formation of the zygospore, just as in the Mu- 
coraceae. The saprophytic species Conidiobolus Brefeldianus Couch (1939), on 
the other hand, discharges the contents of the male gametangium into the cyto¬ 
plasm of the female gametangium, and the formation of the zygospore results 

from this heterogamous fusion. 

Riddle (1906) has described the sexual process of Entomophthora echino¬ 
spora Thax. Two multinucleate hyphal bodies develop into gametangia and 
fuse near their tips to form the multinucleate zygospore (figure 79 h z). Rees 
(1932) discovered that the hyphal bodies of Entomophthora fumosa Speare, a 
parasite of the citrus beetle, also function as gametangia, and that the formation 
of the zygospore developed immediately following gametangial copulation 
(figure 80 z). In this species, one nucleus in each gametangium is sexually func¬ 
tional, and the zygospore therefore is uninucleate. 
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The gametangia of the genus Basidiobohis also produce only one functional 
nucleus. Two slender hyphal extensions, each containing a single nucleus, come 
in contact (figure 81, I), and both nuclei migrate to the hyphal tip and then 
undergo one division. Only one of the daughter nuclei is functional and it 




Fig. 80. Copulation and developrtient of 
the zyospore of Entomophthora fumosa Speare. 
xl300. (From Rees, 1932.) 


Fig. 81. Copulation and developmenf] 
of the zygospore of Basidiobohis ranartim Eid.l 
Explanation in the text, x 740. (From Fai^/ 
CHILD, 1897.) 


migrates back into the gametangium (figure 81,2). The other nucleus remains 
where it was formed and ultimately disintegrates. The functional nucleus of 
the male gametangium enters the enlarged female gametangium and the deve¬ 
lopment of the zygospore follows. The sexual nuclei fuse about two weeks after 
the formation of the zygospore (Fairchild, 1897; Olive, 1907; Nowak, 1930). 

The germination of the zygospore takes place by means of a germination 
tube, at least in those forms which have been studied. Under favorable con¬ 
ditions, conidia form at the tip of the germination tube. In certain genera, for 
example in Empusa muscae Cohn, azygospores also are formed, along with the 
zygospores. 

Because of the limited number of species of Entomophthoraceae which have 
been studied, it is not yet possible to determine definitely the general features 
of the sexual processes within the family. But in any case, it is safe to assume 
that this family is more closely related to the Chytridiales than to its parallel 
series, the Mucoraceae. 
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Class III. Ascomycetes 


The class Ascomycefes, as the name suggests, includes* those fungi which 
possess am ascus. This important organ fundamentally is a specialized spor¬ 
angium in which the following important phases of the life cycle normally take 
place: 

1. It is the orga\i in which karyogamy occurs. 

2. Its nuclei undei^o meiosis^ 

3. It produces spores which deve4oi^as free and separate units (figure 141). 

4. The number of the haploid spores which it produces is constant and is 
usually eight. This number indicates that three divisions of the originally diploid 
nucleus take place during the production of the ascospores. 

The very large number of species comprising this class, together with the 
diversity of their structures, makes the t^onomic arrangement of the Asco¬ 
mycetes difficult and complex (figure 1). The orders may be classified by the 

following key which also indicates the sequence of their presentation and des¬ 
cription in the text; 


AA 


Ascogenous hyphae and fructifications lacking. 

Subclass 1. Protascomycetes 

B. Asci formed singly. 

C. Product of sexuality an ascus or a diploid thallus. 

1. Order Endomycetales (page 94). 

CC. Product of sexuality a dikaryotic thallus. 

2. Order Taphrinales (page MO). 

BB. Asci formed in a synascus. (A supplementary group.) 

Synascomycetes (page 115) 

Ascogenous hyphae and fructifications usually present. 

Subclass 2. Euascomycetes 

B. Asci soon disintegrating. The ascospores at maturity forming a powdery 
within the fructifications. 

3. Order Plectascales (page 116) ^ ^ 

BB. Asci persistent for a time. The ascospores usually discharged from the ^Pfication. 

j • * 

C. Asci usually borne in a cavity of the fructification developing withmte thallus. 

Series A, Ascoloculares \ 

D. Fructification initiated by the formation of sexual organs. ^ 

4. Order Perisporiales (page 140). 

DD. Sexual organs borne within the stroma of the fructificatio 

E. Asci usually distributed throughout the fructificat 

5. Order Myriangiales (page I 

EE. Asci usually produced in groups or in layers. 


mass 



Xs' 3" 

SEXUAL DEVELOPMENT OF DIPODASCUS 97 

entiation of the cytoplasm in the oogonium of the Peronosporaceae. The end 
effect is the same although the manner of its attainment is different. 

5. The number of ascospores is not constant in Dipodascus, but it is com¬ 
paratively large, and is analogous to the large number of sporangiospores in 
the sporangium of the Zygomycetes. This type of ascus was designated as a 
hemiascus in the older literature. Fungi of this type do not represent a unified 
group on the basis of our present knowledge. Martens (1937) believes that 
they have developed from various ancestral types. 



In another representative of the genus, Dipodascus uninucleatus Biggs (Biggs 
1932), the gametangia copulate in a manner resembling that of the Zygomycetes 
by the dissolution of the walls at the point of their contact (figure 84). The 
hyphal cells, and therefore the gametangia, are uninucleate. Karyogamy does 
not occur between two especially privileged nuclei among many potentially 
sexual nuclei because the gametangia contain originally only one nucleus. 

Varitchak (1931) and Walker (1931, 1935) have reported that the hyphae 
of the genus Ascoidea cut off mullinucleate conidia as in the Entomophthora- 
ceae (figure 78). The asci produce numerous spores. Karyogamy occurs be¬ 
tween sexually functional nuclei whose origin is yet uncertain. 

An ascending, and also a descending, line of evolution can be discerned 
proceeding from the level attained by the Dipodascaceae (figure 82). The des¬ 
cending evolutionary series is characterized by the loss of sexuality and by the 
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prevalence of asexual reproduction by budding. This series leads directly to the 
Endomycetaceae and the Saccharomycetaceae. The ascending evolutionary 
series is characterized by the delay of karyogamy and by the formation of 
ascogenous hyphae. This developmental series leads to the Plectascales. 



Fig. 84. Dipoclascus umnudeatus Biggs. Gametangy and development of the ascus. / 3 
gametangy. 4-5 probable meiosis. d immature ascus. 7 mature ascus. x 1035. (From Biggs, 1937. 


Family 2. Endomycetaceae 

The family Endomycetaceae possesses the two following characteristics 
which indicate a stage of evolutionary development above that attained by the 

family Dipodascaceae: 

1. The gametangia regularly are uninucleate, while in the Dipodascaceae 

this condition exists only in Dipodascus uninucleatus Biggs. 

2. The asci contain a constant number of ascospores, which is four or eight 

in most species. 

Eremascus fertilis Stopp. (Guilliermond, 1909), a species discovere growing 
on fruit extracts, may serve as a typical representative of the family. The yp a 
cells of this species contain numerous nuclei in the early stages, but as the 
hyphae mature the cells usually become uninucleate by progre.>sive septation. 
When sexual maturity is attained, each of two adjacent hyphal cells forms a 
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copulating branch. If the copulating branches are not too short, they make a 
half or complete coil around each other. The cell walls dissolve at the point 
of their contact (figure 85, 1-2). The nucleus of the hyphal cell divides and one 
daughter nucleus remains in the mother cell, but the other migrates into the 
copulation branch and fuses with the daughter nucleus from the other copu¬ 
lation branch (figure 85, 3-4). Copulation is isogamous. 

The arch of the copulation bridge, or in other words the connecting fusion 
cell, enlarges to form an ascus. It may be assumed that the diploid nucleus 
undergoes meiosis and then by further division produces eight ascospores 
(figure 85,5-7). The ascospores are released by the disintegration of the ascus 



tK,. 85. Gametangy and the development of the ascus of Eremascus fenihs 
planalion in the text, xabout 500. (From Guii.liermond, 1909.) 


Stopp. 



wall and soon germinate by germination tubes. In exceptional cases, a copula¬ 
tion branch which is unable to come in contact with another suitable copulation 
branch may develop an ascus parthenogenetically. Also, hyphal cells may pro¬ 
duce haploid asci in old cultures. The asci formed by both of these abnormal 

processes are noticeably smaller than those originating normally from the sexual 

fusion of nuclei. 

% 

'h' The first step in the descending or retrogressive evolution occurring within 

the family Endomycetaceae is the appearance of the consistent faculty of the 

gametangia to develop parthenogenetically. Endomycopsis fihuliger (Lindn.) 

Dckk. represents an isogamous example, and Endomyces Magnusii Ludw. is 
an heterogamous form. 

Endomycopsis fibuliger (Lindn.) Dekk. originally was isolated from decay¬ 
ing bread (Guilliermond, 1909), and Endomycopsis selenosporus (Nads, and 
Krass.) Dekk. was found growing in the slime-flux of the birch tree (Manuel, 
1936). Both of these species are related directly to Eremascus fertiUs Stopp! 
and they differ primarily from that species by growing and multiplying chiefly 
by extensive budding (figure 86, I). Copulation of the gametangia occurs only 
rarely (figure 86, 2). Usually the copulation branches develop asci partheno¬ 
genetically, even though their contacting cell walls dissolve and make copula- 



100 


CLASS in • ASCOMYCETES—ORDER 1 • ENDOMYCETALES 


tion mechanically possible (figure 86, 3). Copulation occurs in exceptional ins¬ 
tances between two bud cells, whereupon one of the cells develops an ascus 
(figure 86, 5 A). Copulation between two vegetative somatic cells, without the 
preliminary formation of specific sexual cells, is called somatogamy. 

Generally speaking, copulation branches rarely are produced. The asci deve¬ 
lop bud cells parthenogenetically as lateral outgrowths of the vegetative hyphae 
(figure 86, 4-5p). The hyphae and bud cells themselves develop directly to form 
the asci (figure 86, 6). The hyphae therefore may produce asci or bud cells 
depending on the environmental conditions. One may find immature asci which 
continuously produce bud cells until they finally develop ascospores. Vegeta- 



Fig. 86. Developmental forms of Etidomycopsis fibuHger (Lindn.) Dekk. Explanation in 
the text. X about 500. (From Guilliermond, 1909.) 

tive and reproductive growth therefore are not clearly distinguishable, and sexual 
copulation no longer is an important morphological process. Furthermore, the 
nuclei no longer undergo the nuclear changes associated with sexuality. Repro¬ 
duction of this type, which occurs partenogenetically or by apogamy, is de¬ 
signated as apomixis. 

An example of the first stage of retrogression of a heterogamous form.is 
furnished by Endotnyces Magnusii Ludw. (Guilliermond, 1909). The reproduc¬ 
tive features of this species differ from those of the Eremascus fertilis Stopp. 
type by the suppression of sexuality and by the importance of bud cell forma¬ 
tion as the reproductive mechanism. The hyphae easily fragment to form oidia 
which develop into sprout cells or bud mycelia. In the genus Endomycopsis, 
the bud cells develop from small enlargements, or buds, on the mother cell 
(figure 89). In Endomyces Magnusii Ludw., the mother cell divides rather than 

buds, to form two daughter cells (figure 87). 

The mycelium attains a characteristic appearance at sexual maturity. 

Numerous slender branches terminate with either thick female copulation 

branches containing rather dense cytoplasm, or with narrower male copulation 

branches containing less dense cytoplasm (figure 87, I). Copulation branches 
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of both sexes initially contain two or three nuclei, but only one remains near 
the apex, while the others migrate to the lower part of the cell and frequently 
are cut off from the gametangium by a cross wall. In about 75 percent of the 
instances, copulation is accomplished successfully between two uninucleate 
gametangia (figure 87, 3~4)^ and the female gametangium then develops into 
an ascus containing four ascospores (figure 87, 5). In the remaining 25 percent 
of the cases in which copulation does not occur, the female gametangium may 
form the ascus parthenogenetically. 

The second stage of retrogressive evolution is exhibited by Endomycopsis 
javanensis (Klock.) Dekk., a species which has been isolated from soil. Nor- 



Fig. 87. 
planation in 


Endomyces Magnusii Ludw. Gameiangy and the 
the text, xabout 500. (From Guilliermond, 1909.) 


development of the ascus. 



mally, copulation branches are not produced and therefore sexual organs are 

lacking. Somatic copulation may occur between hyphae or between bud cells 
(Manuel, 1936). 

A third stage of degeneration is evident in Endomycopsis capsularis (Schion.) 
Dekk., a species also inhabiting soil. Reproduction is apomictic. Only the 
sexual organs are lacking in Endomycopsis javanensis (Klock.) Dekk., but sex¬ 
uality Itself IS abandoned by Endomycopsis capsularis (Schion.) Dekk. Even 
though copulation no longer takes place, any hyphal cell or bud cell may en¬ 
large to form an ascus. Frequently, chains of asci are formed by a group of 
contiguous cells (figure 88). The biological rhythm of sexuality, that is ascus 
formation, is preserved; but the primary feature of sexuality, the nuclear chan¬ 
ges, has been lost. The life cycle actually is completely vegetative. 

The following two evolutionary trends are apparent in the Endomycetaceae: 

I- Ihe vegetative thallus becomes a sprout mycelium by a series of retro¬ 
gressive stages. 
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2. The sexual organs, the gametangia, function sporadically, and ultimately 
they are suppressed entirely. The biological tendency towards sexuality per¬ 
sists, but gametangy is first replaced by somatogamy. Finally, even this type 
of fusion is abandoned and reproduction becomes entirely vegetative. 



88. Apomiclic de¬ 
velopment of the asci of En- 
(hmycopsis capstdaris (Schion.) 
Dekk. about 500. (From 
Gun I.IFRMOND, 1909.) 


Family 3. Saccharomycetaceae 

The Saccharomycetaceae represent derivatives of 
the family Endomycetaceae which grow entirely by 
budding. These forms sometimes are called true 
yeasts because ascospores are produced by the asci 
under appropriate environmental conditions. Ex¬ 
tensive studies of this group have been made by 
Guilliermond (1920,1928,1940), Stelling-Dekker 
(1931), Henrici (1941), and Lindegren (1945). Hy- 
phae are developed under certain nutritional con-. 
ditions, but they are fragile and easily fragment to 
form oidia which, in turn, develop into sprout my¬ 
celium. The gametangia, which were suppressed 
in the terminal forms of the Endomycetaceae, are 
lacking, but somatogamous copulation occurs bet¬ 
ween vegetative cells. The numerous forms inter¬ 
mediate between the Endomycetaceae and Saccharo¬ 
mycetaceae prevent a sharp distinction between these 
families. 


Cellular reproduction occurs by budding or by fission as in the Endomy- 
cetaceae. Both of these methods of cellular increase sometimes occur in the 
same species. For example, fission is the usual process in Saccharomycodes 

Ludwigii Hans., but increase by budding also is possible. 

The Saccharomycetes, in the narrow sense of their delimitation, include the 
types utilized for industrial fermentations. They, like Endomycopsis fibuliger 



Fig. 89. Cell budding of Saccharomyces cerevtsiae Hans, 
and SULKIN, 1940.) 


Xabout 1600. (From Bfam.s. Zfli., 
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(figure 86), njultiply by budding (figure 89). Lindegren (1945) has described 
the development of the bud cells from small lateral outgrowths from the 
mother cells to the final stage where they equal the mother cells in size and 
become separated from them by cross walls. 

A smaller number of species, chiefly the Schizosaccharomycetes found in 
the warmer climates, reproduce by fission as the name of the group indicates. 
The essential features of the process are similar to those exhibited by Eiulomvces 
Magnusii Ludw. A cell becomes elongated and a cross wall separates the two 
daughter cells. The newly formed daughter cells become round in shape and 

attain the size of the mother cell. Fission occurs repeatedly as long as favorable 
environmental conditions exist. 

The daughter cells of both Endomycopsis and Endomvees may not become 
separated from the mother cells during periods of vigorous growth. This leads 
to the development of small colonies or even long filaments in old cultures. 


Three types of thalli may be recognized on the basis of their origin. The 
haplobiontic type consists of haploid sprout mycelia. These cells develop asci 
directly after copulation. The haplo-diplobiontic type is originally haploid 
Copulation causes the production of diploid sprout cells rather than asci 
Ultimately, however, asci may be formed. The diplobiontic type always is 
d.plo.d because copulation has been pushed so far back in the life cycle that 
It occurs between the germinating ascospores. Svedelius (1915) applied a 
similar terminology to the types of thalli present in the algal family Florida- 

rfungf/ ^«"^^what different when applied 


(K nary descent. They more probably represent different levels of develon 

:: or !l sat^ 
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w all. F ach of the released ascospores forms two daughter cells by laying down 
a cross wall, and each daughter cell proceeds to develop a sprout mycelium. 

Copulation does not occur in some strains nor under unfavorable conditions 
of growth, and the ascospores develop parthenogenetically within a vegetative 
cell. 

A similar life cycle showing the tendency toward heterogamy is exhibited 
by Zygosaccharomyces, another genus in the family Saccharomycetaceae. 

Nadson and Konokotin (1926) observed that heterogamy is very pro¬ 
nounced in Nadsonia. When a haploid sprout cell of this genus has attained 
sexual maturity, the mother cell copulates with its own daughter cell, even 



Fig. 90. Schizosaccharomyces octosporus Beij. Somatogamous copulation of two sprout 
cells and the development of the ascus. Explanation in the text, x 750. (From Guilliermond, 1903, 
1905.) 


though the daughter cell has not yet become separated and is morphologically 
immature. This type of copulation is termed paedogamy. The daughter cell 
assumes the role of the male and the mother cell that of the female. The nucleus 
of the daughter cell migrates back into the mother cell. Meanwhile the mother 
cell develops an enlargement at the opposite end (figure 91, A) into which both 
nuclei migrate and fuse. Two nuclear divisions then occur, during which meiosis 
takes place. Usually three of the nuclei disintegrate so that the mature ascus 
contains only one ascospore (figure 91, 9). 

A side line of evolution from the haplobiontic type of thallus leads to the 




Fig. 91. Paedogamous copulation and the development of the ascus in Nadsonia. 13^ 
mother cell sprouting to produce a daughter cell /. 4-5 copulation of the mother and daughter cell. 
6 both nuclei have entered the immature ascus A. 7 karyogamy. 8 immature four-nucleate ascus. 
9 mature ascus containing one ascospore. xl350. (From Nadson and Konokotin, 1926.) 
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complete suppression both of sexuality and the formation of ascospores, a con¬ 
dition termed apospory. Copulation is attempted but is not consumated, and 
the sprout cells form asci parthenogenetically. Schizosaccharomyces asporus 
(Vord.) Beij., a yeast used in the production of arrack, an alcoholic beverage 
common in India, rarely produces asci. The biological impulse towards sexua¬ 
lity is abandoned morphologically as well as physiologically by this species, 
and the life cycle is entirely vegetative. 

The sprout mycelium developing from the ascospore of the haplo-diplo- 
biontic type of thallus is haploid. Somatic copulation occurs between the sprout 
cells, but this fusion only leads to the formation of a diploid sprout mycelium. 
If the nutritional conditions are favorable, the diploid thallus may eventually 
produce an ascus. The studies of Wince (1935) and Lindegren (1943, 1944) 
may be consulted for detailed description of this process. 

It is apparent that the sexual act no longer occupies a dominate place in the 
life cycle, as copulation has been relegated to the sprout mycelium. Since copu¬ 
lation does not occur at a definite stage in the life cycle, nor even between pre¬ 
dictable types of cells, it is not possible to regard this type of cycle as an example 
of the alternation of generations as would be possible with Sphaerodadia and 
Blastocladiella. Consequently the application of the descriptive terms haplo- 
biontic and diplobiontic to the recurring types of thalli is advisable. 

Copulation does not lead to the formation of a special reproductive struc¬ 
ture, that is, the ascus, and consequently the sexual process is not made apparent 
by conspicuous morphological features during the life cycle. The haploid sprout 
cells tend to be smaller and rounder than the diploid cells, but these morpho¬ 
logical differences are so slight that the existence of sexuality in these types of 
fungi was not detected by mycologists for many years. 

Many of the commercially important yeasts are the haplo-diplobiontic 
type. Brewer’s yeast and baker’s yeast, of the Saccharomyces cerevisiae Hans, 
and Saccharomyces ellipsoideus Hans, group, are common examples. The my¬ 
celium having the greater fermenting power is diploid as the result of somatic 
copulation. Reductional division and a recombination of hereditary characters 
occur during the formation of the ascospores, and consequently the character¬ 
istics of yeasts of this type are not genetically constant even though they are 
cultivated from single spore isolations. 

These types of yeasts exhibit a tendency for premature copulation which 
leads to a shortening of the haploid phase. For example, in Saccharomyces 
ellipsoideus Hans., forma Johannisberg II, a small haploid sprout mycelium may 
copulate with a similar mycelium and immediately germinate to produce the 
larger diploid sprout cells. But the ascospores may even copulate while they 
are germinating, and in such an extreme case the sprout mycelium is diploid 
from the beginning. 
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The ^,ame situation exists with several races of Saccharomyces eUipsoideus 
Hans, and with Saccharomyces paradoxus Batsch. except that karyogamy does 
not necessarily follow immediately after copulation, and the cell resulting from 
copulation may produce binucleate sprout cells before karyogamy occurs. 
Renaud (1938) has described the occurrence of this binucleate phase. 

The transitional forms described above, in which copulation occurs between 
young sprout mycelia, or even in extreme cases between germinating ascospores, 
lead directly in the evolutionary sequence to the diplobiontic types in which 
copulation regularly occurs between the germinating ascospores. Consequently 
the mycelia of the diplobiontic types always are diploid. 



Hic;. 92. Somalogamous copulation between two ascospores of Saccharomycodes Ludnigii 
Hans. Explanation in the text. 750. (From Gun liermond, 1905.) 

Saccharomycodes Ludw igii Hans., a yeast isolated from the slime-flux of the 
oak, possesses ascospores which enlarge and copulate while yet within the ascus. 
The copulation bridge then bursts the wall of the ascus to permit the emergence 
of a diploid sprout mycelium (figure 92, 5). Guilliermond (1905) has observed 
that occasionally copulation may occur between ascospores in different asci. 

The haploid phase of the diplobiontic type of yeasts is suppressed or limited 
to the ascospores. The sprout mycelium, as in the haplo-diplobiontic types, 
develops the ascus by purely vegetative processes. 

The gradual suppression of sexual phenomena is an important characteristic 
of the evolutionary development of the Saccharomycetaceae. This trend may 
be summarized as follows. 

1. Sexuality degenerates. Gametangial copulation is suppressed from the 
first and is replaced by somatogamous copulation between vegetative cells. 
Even this reduced form of sexuality is replaced by apomictic copulation in some 
species. 

2. Sexuality becomes indefinite in both time and place, and it is no longer 
the cause of the development of the ascus as the special product of copulation. 
The occurrence of sexuality is irregular and uncertain, and it takes place be¬ 
tween sprout cells exhibiting no especial morphological characteristics. Finally, 
it is pushed back so far in the life cycle that it occurs between the germinating 
ascospores. 
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3. Sexuality not only becomes unstable in type, place, and time, but the 
product of sexual fusion changes. The ascus no longer develops as a result of 
copulation and sprout cells continue to form after copulation has occurred. 
The ultimate development of the ascus by the diploid mycelium depends on 
nutritional conditions rather than being the necessary product of copulation. 

Family 4. Spennophthoraceae 

The family Spennophthoraceae exhibits an evolutionary line of develop¬ 
ment parallel to that of the Dipodascaceae-Saccharomycetaceae and the trends 
toward degeneration are repeated. 

The species Spermophthora gossypii Ashby and Now. has been reported by 
Guilliermond (1928, 1936) to be the causal agent of some tropical plant dis¬ 
eases. Infection of the seeds and fruits is attained by way of the contaminated 
sucking lube of certain insects. 

Asexual cycle: The haploid primary hyphae are without septae and are 
coenocytic as in the Phycomyceles. Small sprout mycelia develop laterally 
under the proper environmental conditions (figure 93, /). When sexually mature, 
the coenocytic hypha enlarges just below the tip, and an intercalary section of 
hypha becomes isolated by two cross walls. This section becomes a simple spor¬ 
angium containing from live to eight nuclei (figure 93, 2-4s). These nuclei divide 
simultaneously two or three limes to produce as many as 40 daughter nuclei, 
each of which becomes a crescent-shaped sporangiospore (figure 93, 5). The 
details of the production of the sporangiospores have not been observed be- 



Fig. 93. Asexual development of Spermophthora gossypii Ashby and Now. 1 coenocytic hap¬ 
loid hypha, producing lateral sprout cells. 2-4 hypha showing subterminal swelling preliminary to 
the formation of the ascus 5 mature sporangium. 1-4 x 1000; 5 x 670. (From Guii liermond, 
1928.) 
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cause of the very minute size of the structures involved. But it is probable that 
these spores develop as the result of free cell formation, and not by segmenta¬ 
tion of the cytoplasm as in the sporangia of the Mucoraceae. This distinction 
is important theoretically because the formation of spores by free cell division 

usually is limited to the ascus, but in this instance the process occurs in asexual 
sporangia. 

The sporangiospores are released through a rupture in the wall of the spor¬ 
angium and germinate to form haploid, unseptate, primary mycelium. 



Fig. 94. Sexual development of Spermophthora gossypii Ashby and Now. 1~2 somatogamous 
copulation between two sporangiospores. 3 the copulation canal is developing into a diploid my¬ 
celium. 4 diploid mycelium. 5-5 development of the ascus xlOOO. (From Guilliermond. 1928.) 

Sexual cycle: The sporangiospores, even those from the same sporangium, 
copulate somatogamously (figure 94, 7-2). The conditions which initiate copu¬ 
lation are not known. The copulation canal produces a short, branched, diploid 
mycelium (figure 94, i-4). Occasionally copulation may occur while the spor¬ 
angiospores are yet within the sporangium. In some instances, a sporangiospore 
may develop parthenogenetically to produce a septate, branched mycelium. 

The cells of the diploid secondary mycelium usually are uninucleate. The 
tips of these hyphae finally enlarge and form asci (figure 94, 4-5 A), Under 
some circumstances, the copulation canal itself develops an ascus (figure 94, 6-7). 
Meiosis occurs within the ascus during the nuclear divisions which produce 
eight, or rarely twelve, spindle-shaped ascospores. The ascospores germinate 
to produce polyenergid primary mycelia which ultimately again produce spor¬ 
angia. Guilliermond (1936) has described a similar sexual cycle for Eremothe- 
cium Ashbyi Guill., a species which parasitizes the capsules of the cotton plant. 

The life cycle of Spermophthora gossypii Ashby and Now. is noteworthy 
because of the primitive characteristics which it exhibits and also for those 
features acquired through evolutionary development. 
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The following characteristics may be regarded as primitive in the evolu¬ 
tionary sense: 

1. The coenocytic character of the haploid primary mycelium. 

2. The production of sporangia and sporangiospores. 

3. The multinucleate ascus. 

4. The alternation of generations. Although this type of sexual reproduc¬ 
tion is not known in the Zygomycetes, it does appear in the Blastocladiales 
which is a parallel evolutionary series. 



Fk;. 95. Nemaiospora coryli Pegl. 1-2 hypha and sprout mycelium. 3 formation of the as¬ 
cus/(. 4 uninucleate ascus. 5 four-nucleate ascus. 6 eight-spored ascus. 1-3 x 500; 4-6 x 1000. 
(From GuiLt.iFRMONi), 1928.) 

The following characteristics doubtlessly represent evolutionary advances: 

1. The somatogainous copulation between germinating sporangiospores. 

2. The septation of the secondary mycelium into uninucleate cells. 

• X Certain features of the life cycle of Nemalospora coryli Pegl. represent the 
first step in the degenerative evolution exhibited by the Spermophthoraceae. 
Guiu.iERMO.ND (1928) and Manuel (1938) reported this species to be parasitic 
on the flowers of the hazel-nut. Nemalospora phaseoH Wingard (1925), a para¬ 
site on bean pods, probably exhibits a similar life cycle. The sporangium is 

suppressed m these forms and copulation is somatogamous. The alternation 
of generations disappears. 

The haploid thallus of Nematospora coryli Pegl. is a short hypha or a di- 
mmutive sprout mycelium (figure 95, 7-2). The hyphal cells or the sprout cells 
copulate somatogamously. The fact that the zygote may continue to grow for 
a short time before it produces asci (figure 95, 3) gives rise to a haplo-diplo- 
biontic type of reproductive cycle. On the other hand, the zygote may germinate 
immediately to form an eight-spored ascus. In this instance, the life cycle would 
e described as haplobiontic. Copulation also may occur paedogamously be- 
iNveen an ascospore and an immature sprout cell produced by it. The resulting 
zygote enlarges and immediately becomes an ascus. Paedogamous copulation 






no 






CLASS III • ASCOMYCETES—ORDER 2 • TAPHRINALES 


may be suppressed, in which case the ascospore develops parthenogenetically 
to become an ascus. 

Somatogamous copulation, which was restricted to the sporangiospores in 
Spermophthora gossypii Ashby and Now., is seen to become unstable in both 
time and place in this degenerate species. 

A second stage in the retrogressive evolution occurring in this family is ex¬ 
hibited hy Ashbya gossypii (Ashby and Now.) Guilliermond(1928) ( = Nemato- 
spora gossypii Ashby and Now.). This species parasitizes seeds of the cotton 
and other plants. Somatogamous copulation has been lost, and nuclear fusion 
occurs apomictically. The sprout mycelium is the dominant vegetative body 
as in the Saccharomycetaceae. The asci develop directly from the multinucleate 
sprout cells and contain from 4 to 32 ascospores. 

The family Spermophthoraceae is seen to exhibit the same sequence of 
sexual degeneration as observed in the Endomycetaceae and Saccharomyceta¬ 
ceae. The evolutionary origin of this family and the significance of the primary 
coenocytic and secondary septate mycelium are not known. 


2. Order Taphrinales 

The members of the order Taphrinales, formerly ealled E xoas cales, com¬ 
prise a group of fungi parasitizing ferns, Fagales and Rosales. They do not 
possess haustoria. They exhibit a very high degree of physiological specializa¬ 
tion in their relationship to their hosts. 

The first stage in the evolution, involving on alternation of generations, is 

represented by Taphrina epiphylla Sadeb. (Wieben, 1927.) This species is the 

causal agent of witch’s broom of Alnus incana (L.) Moench. 

The ascospores are of two sexual types. Four of the eight ascospores within 
the ascus are + and four are —. The ascospores germinate to form uninucle¬ 
ate sprout mycelia (figure 96, 1-2). These sprout cells often have been errone¬ 
ously called conidia in the literature of taxonomy and phytopathology. Some¬ 
times the formation of sprout cells begins while the ascospores are yet within ^ 
the ascus (figure 98, 4), in which case the ascus appears to be filled with sprout 

cells rather than with ascospores. ^ ^ 

After a period of vegetative growth, plasmogamy occurs bet^^en sprout 

cells originating from + and — ascospores. The nucleus of one cell migrates 
into the other copulating cell (figure 96, 3—4). The sexual act is not immediately 
consumated as the nuclei do not fuse but form a nuclear pair, or dikaryon 
(figure 96, 5). The term dikaryon, when used in the mycological sense, refers 
to a pair of haploid sexual nuclei in a cell, one male and one female, which have 
not fused. The term synkaryon, on the other hand, refers to the diploid nucleus 
of the zygote formed by the fusion of male and female nuclei. 


SYNASCOMYCETES 



rinales further develop the tendencies first appearing in the Endomycctales, 
or whether the order represents a retrogression from the simple Hclotiales of 
the type of the genus Ascocorticium. This question cannot be answered on the 
basis of our present knowledge. The answer probably will be found in the 
further study of the saprophytic representatives of the Taphrinales. 

Our knowledge also is inadequate concerning another group of the Asco- 
mycetes, the Synascomycetes, which we will describe only briefly. In Pericystis 
apis Maass., the cause of chalk-brood of bees, the gametangia are coenocytic. 
The contents of the male gametangium migrate into the female gametangium. 



Eki. 99. Pericysiis apis 
female gametangium. 550. 


Maass. Mature balls of endospores in what had previously 
From Varitchak, 1933.) 


been 


a 


whereupon a number of diploid nuclei are produced (Varitchak, 1933) The 
female gametangium develops into a sporangium. A rounded mass of uni¬ 
nucleate endospores is produced by each of these diploid nuclei (figure 99). The 
endospores probably are ascospores. Each ball of spores corresponds to a naked 
ascus, and the whole sporangium might be called a synascus. 

Similar difficulties of interpretation arise in the family Protomycetaceae, 
whose representatives parasitize several species of flowering plants The nuclei 
of this family are very small and can be observed only with difficulty The intra 
matncal hyphae probably are diploid or dikaryotic. They form thick-walled 
resting spores or chlamydospores (figure 100, /). The endospore of the genus 
trotomyces germinates by bursting through the thick wall enclosing it The 

nucLTi ‘he periphery and segments into uni- 

ZtT Z each of which simultaneously forms four endo- 

IdLsi^' divisions. Meiosis probably takes place during these 

aneiumJ ‘“i^ endospores forms a ball in the apex of the spor- 

mm and is released as a unit with the bursting of the sporangium. 

them Tt, '’7^' ‘‘"‘1 eopulation occurs between 

em. The cytological behavior of the nuclei has not been determined because 
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. si \ ely small size. The fusion cell develops a sprout mycelium which 
i diploid. Von Buren (1915, 1922) has described tjie penetration of 
cells by the germination tubes formed by the sprout mycelium. 



/ 




Fig. 100. Germination of the chlamydospore of Protomyces pachydermus Thuem. on a spe¬ 
cies of Crepis. I chlamydospore. 2 the endospore is protruding from its heavy enclosing wall. 
3 the protoplasm has accumulated near the wall and is segmenting to form uninucleate spore 
mother cells. 4 mature endospores. / x400; 2-4 x 500. (From von Buren, 1915.) 


If the spore mother cells are regarded as naked asci, the tetrads of endo¬ 
spores which develop from them must be regarded as ascospores. The ger¬ 
minating endospore, then, actually is a synascus as is the case in the sporangium 
of Pericystis. This unusual mechanism of ascospore formation will appear 
reasonable from our later discussion of the naked asci of the Ophiostoma type. 



The typical Ascomycetes are represented for the first time in the evolutionary 
series by the order Plectascales. This order and the higher orders of Asco¬ 
mycetes sometimes are grouped together in the subclass Euascomycetes. The 
asci usually are produced by ascogenous hyphae within a morpholo^wically re¬ 
cognizable fructification. The ascogenous hyphae develop irregularly within the 
fructification, and the asci are scattered throughout the ground tissue-of this 
structure. The irregular deposition of the asci within the fructification is an 
important feature of the Plectascales. The ascospores are released by the ulti¬ 
mate disintegration of the asci and the surrounding tissue of the fructification. 

The five families comprising the Plectascales may be recognized as follows; 

A. Fructification remaining a closed structure. 

B. Fructification normally developing as the result of the formation of sexual organs. 

C. Fructification but slightly differentiated, consisting of a loose hyphal mass. 

Family I. Gymnoascaceae (page 117). 
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A second group, represented by Amauroascus verrucosus Eid. (Dangeard, 
1907), Gymnoascus Reessii Bar. (Dale, 1903), and Cteiwmyces serratus Eid. 
(Nannizzi, 1926), exhibits a still more delayed karyogainy and the asco- 
gonium develops extensive ascogenous hyphae after plasmogamy. 

The process described above differs in one aspect from that occurring in the 
Taphrinales because the dikaryotic cells are not physiologically independent, but 
are nourished by the parent haploid vegetative mycelium. 






Fig. 103. Arachniotus trisporus Hots. 1-2 
ous hooks by the ascogonium. x about 600. 


ganietangial lusion. 3-4 development of ascogen- 
(From Rosenbaum, 1944.) 



The asci form in chains in the genus Amauroascus (figure 104). The dikary¬ 
otic cells of the ascogenous hyphae enlarge one after another to form a suc¬ 
cession of asci as do the diploid hyphal cells of capsukiris (Schion.) 

Dekk. (figure 88) and those of Taphrina potentiUae (Earl.) Joh. (figure 98). The 
development of Gymnoascus and Ctenomyces, on the other hand, follows the 
general type of Taphrina deformans (Berk.) Tul. (figure 97). The nuclear pair 

fuses and the synkaryon divides. One of the daughter cells remains within the 
ascogenous hyphal cell, while the other 


migrates into the adjacent arched im¬ 
mature ascus and functions there as a 
primary ascus nucleus. 

The structures which protect the de¬ 
veloping asci differ in the various genera 
of the Gymnoascaceae. The cluster of 
asci of Arachniotus aureus(E\d.)SQhvoQi. 

is naked as no organized fructification is 
formed. On the other hand, the repro¬ 
ductive tissue of the other forms is en¬ 
closed by special haploid sterile hyphae. 
These develop from the hyphae which 
produce the copulation branches and 
ttlso from the purely vegetative my¬ 
celium. \n Amauroascus {figxxTQ 104) the 
protective mycelium is merely a loose 



Fig. 104. Section through the fructifying 
oT Amauroascus verrucosus Eid., show ing 
ascogenous hyphae asc, //. A immature and 
mature asci. x450. (From Dangeard, 1907.) 
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cushicM^ m Gymnoascus and Ctenomyces, a true, specialized fructification 

r.mprised of a loose outer layer or periderm (figure 105). This type 

ol ‘'i liifiilg structure is called an ascocarp. 

i he Gymnoascaceae are related to their probable ancestors by two charac- 
iciisiics. Two additional characters may be regarded as new in the advancing 



hiG. 105. Ascocarp of Ctenomyces serratus Eid., containing mature asci. x200. (From 
Eidam, 1883.) 


evolutionary series of the fungi. The primitive characters indicating the an¬ 
cestral relationships may be described as follows: 

1. Gametangy occurs in a manner similar to the Endomycetales. 

2. The fructifications consist of haploid vegetative hyphae as in Mortierella 
(figure 73) in the Zygomycetes. 

The new characteristics which appear for the first time in the Gymnoasca¬ 
ceae are as follows: 

1. The formation of ascogenous hyphae: The separation of the sexual pro¬ 
cess into plasmogamy and karyogamy occurs in the Endomycetales, but this 
separation concerns only the sexual nuclei themselves. In the Gymnoascaceae, 
however, karyogamy is postponed still further, and a binucleate, or dikaryotic 
phase intervenes which comprises the ascogenous hyphae. The dikaryonts al¬ 
ways conjugate at the termination of this binucleate phase; but as in the 
Taphrinales, the conjugating nuclei are not the original sexual nuclei but their 
more or less distant descendants. The net result of gametangial fusion, there- 
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fore, is a very great increase in the number of progeny. In Dipodascus, only a 
single ascus results from gametangy, while in the Gymnoascaceae the develop¬ 
ment of ascogenous hyphae after gametangy leads to the formation of thousands 
of asci. 

The life cycle of the higher Gymnoascaceae is represented by the following 
scheme: 



The asexual cycle provides chiefly for the propagation and the distribution 

of the species, and consequently the epidemics due to the parasitic Ascomy- 

cetes are produced by the asexual fruiting stages. The sexual cycle, on the other 

hand, provides for the protection of the species from unfavorable circum¬ 
stances by producing resistant cells. 

2. Hook formation: Hook formation is a new feature in the process of ascus 
formation, although this characteristic probably is not fundamentally impor¬ 
tant as it occurs along with the chain-like and the Ctenomyces-Wke type of asci 
development in the same genera. 


Family 2. Aspergillaceae 

Most of the Aspergillaceae are saprophytic although a few are parasitic on 
plants or animals. A few species are important sources of antibiotic sub¬ 
stances. For example, penicillin is obtained from the PenicUUum notatum- 
chrysogenum group. 
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Two major groups may be recognized in the Aspergillaceae by the charac¬ 
teristics oj their asexual fructifications. Exogenous conidial chains are produced 
by the genera Monascus^ Magnusia^ Penicillium, and Aspergillus^ while endo- 
conidia occur in several species of the genus Thielavia. In both groups, sporo- 
genous lateral branches, called phialides or sterigmata (figure 106,/)//), function 
as the spore mother cells. The phialides successively cut off daughter cells which 




Fig. 106. Development and germination of 
the conidia of Aspergiilus echinulatus (Del.) Th. 
and Ch. f phialides pli are developing from an 
enlarged hyphal tip v. The successive conidia c 
are being cut off. 2 germinating tonidium. x 1230. 
(From Baker, 1945.) 



Fig. 107. Conidio- 
phore of PeniciUium. /coni- 
diophore. m metulae. pli 
phialides. cconidia. (From 
Thom, 1930). 


become the conidia (figure 106, /). The fructifying hyphae of the more advanced 
types rise above the substratum and are recognizable asconidiophoresofvarious 
kinds. Ideally, these conidiophores correspond to the types produced by Pen!- 
cillium and Aspergillus. 

In PeniciUium (figure 107), the phialides develop on special secondary bran¬ 
ches called metulae which are themselves borne on a forked crown of branches. 
In Aspergillus (figure 108), the phialides arise side by side from a head-like 
swelling of the conidiophore. The* conidiophore may be sparingly, or not at 

all, branched. 



ASEXUAL FRUCTIFICATIONS IN THE ASPERGILLACEAE l 

The conidiophores of certain species of PenicilUum bunch together under 
unfavorable growing conditions to form structures known as coremia. The 
coremia of the tropical genus Penicilliopsis (figure 109) are hard and antler-like. 

In the endogenous conidial types (Brierley, 1915; Lehman, 1918), the 
young protoplast within the phialide becomes surrounded with a true cell wall. 
The wall of the phialide ruptures at the tip and the conidium is slowly extruded 
(figure 110). The nucleus of the phialide just below the conidium again divides 





Fig. 108. Development of the conidiophore of Aspergillus niger v. T. 1-2 hyphal branch 
enlarging to form a head. 3-6 development of the sporogenous structures. 7 simple conidiophores 
of Aspergillus niveo’glaucus Thom and Raper. t conidiophore. v conidiophore head, ni metulae. 
ph phialides. c conidia. 1-6 x 170; 7 x380. (From Thom and Rarer, 1945.) 


and another conidium is produced. This process continues under favorable 
conditions until a series of conidia have been released through the ruptured tip 
of the phialide. 

Besides the exogenous and endogenous conidial types described above, a 
few representatives of the Aspergillaceae reproduce asexually by thick-walled 
gemmae which sometimes are called chlamydospores, or by tissues of pseudo- 
parenchymatous hyphae which become modified to form hard stone-like 
sclerotia. 
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Sexua! reproduction initiates the formation of the fructification and usually 
takes place by means of special copulation branches. However, in Penicil/iopsis, 
the most advanced genus of the group, the fructification develops vegetatively. 
The sexual process is presumed to take place within this structure. 



Fig. 109. Coremia of Peniciliiopsis clavariaeformis Solms on fruit of Diospyros macrophylla BI. 
Natural size. (From Gaumann, 1926.) 



The male copulation branch func¬ 
tions as the male gametangium, or 
antheridium, as in the Gymnoasca- 
ceae. The female copulation branch, 
on the other hand, is produced by 
a more advanced process which in¬ 
volves the formation of a complex 
sexual organ consisting of a uni- or 
multinucleate trichogyne and a uni- 
or multinucleate female gametangi- 

Fio. 110. Conidia formation by Thielavia 
basicola Zopf. ph spore mother cells or phia- 
lides. Explanation in the text, x about 600. 
(From Brierlev. 1915.) 
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um, or ascogonium. The nuclei of the trichogyne soon degenerate and disap¬ 
pear. The complete female copulation branch and the structure which it pro¬ 
duces are sometimes called the ascocarp. 

'Z- • The copulation branches of both sexes indicate a retrogressive evolution 
within the family Aspergillaceae, but this evolutionary trend does not proceed 
parallelly with that of the asexual and sexual fructifications. 

In the first evolutionary stage of the series, the copulation branches function 
normally as in the Gymnoascaceae. The uni- or multinucleate contents of the 
antheridium enter the trichogyne (figure 111, 2) and reach the ascogonium 
where plasmogamy occurs. After plasmogamy, ascogenous hyphae are pro¬ 
duced. This type of sexual reproduction has been observed in Monascus 
purpureus Went (Schikorra, 1909) and in Magnusia niticio Sacc. (Satina, 1923). 



Fjg. II]. Gametungial copulation by Monascus purpureus Went. / male and female copula¬ 
tion branches. 2 the male nuclei have migrated from the antheridium a into the trichogyne tr, 

5 the male nuclei have entered the ascogonium fl.vr. / x 1090; 2-2 1270. (From Schikorra, 1909.) 

The same process probably occurs in Monascus Berkeri Dang. (Dangeard, 
1907) and in Monascus ruber v. T. (Young, 1930, 1931). It may also be found 
in some species of Penicillium (Emmons, 1935). 

•X’ second evolutionary stage is represented by the production of function¬ 
less antheridia. The antheridia may form but they do not function in the 

reproductive process. A dikaryotic phase is produced by the nuclei within the 
female gametangium. 

In representatives of the Aspergillus glaucus group [Aspergillus herbariorum 
(Wigg.) E. Fischer; Fraser and Chambers, 1907; Dangeard, 1907] and in 
Aspergillus repens (Cda.) de By. (Dale, 1909; Moreau, 1914), the antheridium 
coils upward once or several times around the ascogonial branch, but its deve¬ 
lopment remains rudimentary and its nuclei soon disintegrate. In fact, the 
antheridium sometimes even fails to form. In either instance, the ascogonium 
continues its development and lays down septae which separate its contents 
into binucleate cells. Some of these cells produce the ascogenous hyphae. 
Also in Penicillium vermiculatum Dangeard (1907), the male copulation 
ranch develops too late to take part in the sexual process, since by the time 
the male branch appears, the oogonium already has passed through the stage 
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in which copulation could have occurred (figure 112, 2). Sometimes contact 
is established between the gametangia but the male nuclei remain in the anther- 
idial branch and soon degenerate. The female gametangium, or ascogonium, 
ignores the ineffectual union with the antheridium, proceeds with its indepen¬ 
dent development, becomes divided into dikaryotic cells (figure 112, 4), and 
produces lateral ascogenous hyphae. 

In each of the instances described, it must be assumed that a certain quanti¬ 
tative physiological difference exists between the female nuclei within the asco¬ 
gonium which permits some of its 
nuclei to substitute for male nuclei 
in the formation of the dikaryons. 
-y.A third stage in the retrogressive 
evolution of sexuality is represent¬ 
ed by Aspergillus Fischeri Wehm. 
(Olive, 1944), Aspergillus flavus Lk. 
and Aspergillus fumigatus Fres. 
(Dangeard, 1907). In these forms, 
the male copulation branch usually 
fails to develop, and the ascogonium 
develops quite independently (fig¬ 
ures 113 and 114). 

The fourth and final stage in the 
degenerative evolution of sex in this 
group of fungi is illustrated by the 
lifecycles of Penicillium Brefeldianum 
Dodge (1933) and Penicillium egyp- 
tiacum v. B. (Emmons, 1935). The 
sexual process is further modified 
and the female copulation branch, 
as well as the male, is suppressed. 
The tendency toward sexuality, how¬ 
ever, persists and somatogamous 
copulation takes place between two 
vegetative cells as in the higher Endomycetales and Taphrinales. Aerial hyphae 
rise above the substratum and form a tree-like cluster by repeated branching. 
Numerous hyphal branches within this cluster copulate and form dikaryotic 
cells from which the ascogenous hyphae develop. Similar somatogamous copu¬ 
lations occur within the immature fructifications of Pencilliopsis clavariaeformis 
Solms (figure 117). 

It is apparent from the above discussion that the same retrogressive trend 
in the evolution of sexuality exists in the family Aspergillaceae as in the Endo- 



Fig. 112. Apomictic sexuality in Penicillium 
xermiculatum Dang. / immature female copula¬ 
tion branch. 2-3 the uninucleate antheridium has 
established union with the ascogonium. 4 apo¬ 
mictic development of the ascogonium. x600. 
(From Dangeard, 1907.) 
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mycetales. In both groups, the trend is from gametangial to somatogamous 

copulation. However, the cytological details of sexual phenomena in the Asper- 

gillaceae are less clear because of the great technical difficulties encountered in 
their study. 

The morphological details of the sexual organs, as well as the ultimate fate 
of the ascogenous hyphae, differ. The development proceeds without extensive 
differentiation in most species. In Penidllium stipitarum Thom., however, the 
tips of the copulating gametangia first product septate, primary, ascogenous 



Fig. 113. Cross section through an 
immature ascogonial branch Aspergillus 
fiavus Link surrounded with the peripheral 
hyphae//. x 600. (From Dangeard, 1907.) 



Fig. 114. Section through an immature fructifi¬ 
cation of Aspergillus Fisclieri The ascogonial 

hypha has become divided into binucleate cells and 
IS surrounded by a thick layer of peripheral hyphae. 
Ascogenous hyphae are developing laterally from the 
ascogonium. xl500. (From Olive, 1944 .) 


hyphae which may attain a length of 100 to 150 microns (figure 115, p). A tufr 
o ertile secondary ascogenous hyphae is produced at the tip of this primarv 
Mature (figure 1,5, and these are the cells which produce the Lei (EmLos,^ 

PenicilUum glaucum Lk., as defined by Brefeld ( 1874^ eyhiKitc ,4 

divide ,0 form short and apparently binucleate cells Some of h!s n 

veeetativp u- l mese cells produce thin sterile 

getauve hyphae whtch penetrate the substratum. The solvent action of these 
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Sterile hyphae releases food for the organism and develops space in which 
the ascogenous structures can develop. 

In so far as the formation of the asci is concerned, all three of the pro¬ 
cesses typical of the Gymnoascaceae are represented in the family Aspergilla- 
ceae, yet these forms are grouped confusedly into a single genus even though 
their karyological relationships are not clearly understood. 



Fig. 115. Copulation branches, primary (p) 
and secondary (s) ascogenous hyphae of Pent- 
cillium stipitatum Thom, x 500. (From Emmons, 
1935.) 


Fig. 116. Ascogenous hyphae of TV/zWaW^i 
Sepedonium Em. in which a few cells have 
divided to form asci A and stalk cells st. 
X about 700. (From Emmons, 1932.) 


The cells of the ascogenous hyphae of PeniciHium vermiculatum Dang., 
Penicillium stipitatum Thom., and PeniciHium egyptiacum v. B. enlarge and pro¬ 
duce chains of asci just as in Endomycopsis capsuiaris (Schion.) Dekk. (figure 88). 
On the other hand, the ascogenous hyphae of Penicillium Brefeldianum Dodge 
and Thielavia Sepedonium Em. develop asci laterally from daughter cells pro¬ 
duced by the parent ascogenous hyphae as in Ctenomyces and Taphrina defor¬ 
mans (Berk.) Tul. (figure 97). Finally, the asci oC Afagnusia nitida Sacc. and 
Aspergillus Fischeri Wehm. result from the hook type of copulation. 

As in the sexual organs and the ascogenous hyphae, different evolutionary 
stages of the fructifications may be recognized. However, these are no apparent 
correlations between the evolutionary and degenerative stages exhibited by 

single organs. 

In Penicillium Wortmanni Kloeck. and Penicillium luteum Zuk., the asci lie 
- in the midst of a loose hyphal layer as in the genus Amauroascus in the Gymno- 
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ascaceae (figure 104). In most of the species of Monascus, Magiiusia and Asper¬ 
gillus, as well as in Penicillium vermiculatum Dang, and Penicillium slipilatum 
Thom., the hyphal layer is thickened and represents a true fructification or 
ascocarp. Often this ascocarp is composed of a loose inner hyphal mass which 
is enclosed by a more or less firm peridium. The loosely arranged inner hyphae 
serve as a source of food for the developing ascospores. In the genus Penicilliop- 



Fig. 117. Half mature, truffle-like fructification / of Fenicilliopsis clavariaeformis Solms. 
Natural size. (From Gaumann, 1926.) 

sis (figure 117), the fructification is divided by layers of sterile hyphae into lo¬ 
cales, or chambers, within which the asci are formed. 

The fructification goes through a resting stage in Penicillium egyptiacum 
V. B., Penitillium Brefelclianum Dodge and in many other species. The sterile 
ground tissue thickens for about a week after the appearance of its cell walls 
and becomes modified into a hard sclerotium. Recognizable ascogenous hyphae 
are inconspicuously distributed (figure 118, /) among the brownish hyphae of 
the ground tissue within this structure. The sclerotia in this stage resemble 
sterile vegetative sclerotia composed of resting mycelia which produce ad¬ 
ditional mycelia under favorable conditions without involving sexual phe¬ 
nomena. The type of sclerotia involved in the reproductive process, however, 
contains ascogenous hyphae which remain viable. The ground tissue remains 
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Fig. 118. Germination of the sclerotial type of fructification of Penicillium glaucum Lk. (sensu 
Brefeld). I young sclerotium in the resting stage, containing primary ascogenous hyph^^/?. 2 be¬ 
ginning of germination. Secondary ascogenous hyphae s and nutritional hyphae n are developing 
from the primary ascogenous hyphae. 3 mature fructification, containing ascospores, together with 
crystals and druses of calcium oxalate. x225. (From Brefeld, 1874.) 
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physiologically passive and it finally is consumed by the developing reproduc¬ 
tive cells (figure 118, 3). 

The study of the reproductive phenomena occurring in the Aspergillaceae 
indicates that this family represents a labile group in the evolutionary sense, 
within which progressive and retrogressive modification are occurring simul¬ 
taneously. These tendencies may be summarized as follow's: 

1. The morphologically differentiated conidiophores, which were present in 
the Phycomycetes but absent in the Protoascales, again appear. 

2. The female copulation branch, which is only a gamelangium in the 
Gymnoascaceae, develops a special copulatory organ called the trichogyne. 

3. The fructification, or ascocarp, attains a morphological development con¬ 
siderably more advanced than in the Gymnoascaceae. 

4. Sexuality, on the other hand, exhibits a retrogressive trend in some side 
lines of the general evolutionary sequence. First the male, and then the female 
gametangium, undergoes a retrogressive evolution. Finally, sexuality occurs 
only somatogamously as in some groups of the Protoascales. 

Two evolutionary lines arise from the level of the Aspergillaceae, each of 
u’hich attains a similar degree of development. One line is represented by the 
Ascoloculares, and side lines are represented by the families Onygenaceae and 
Elaphomycetaceae. The second main developmental trend culminates in the 
family Ophiostomataceae and the Ascohymeniales (figure 101). 


Family 3. Onygenaceae 

The fructifications of the family Onygenaceae resemble those of the Asper¬ 
gillaceae in that they are differentiated into an outer peridium and an inner 
ground tissue, but they differ from those of the Aspergillaceae in being borne 
on a stipe or foot as in the genus Penicilliopsis (figure 117). 

The fruiting bodies of Onygena equina Willd., a cosmopolitan species grow¬ 
ing on decaying hoofs, claws, etc., often attain a height of one centimeter, and 
those of the tropical genus Dendrosphaeria (Boedijn, 1935) have been known 
to reach a height of 25 centimeters (figure 119). In this latter genus, the fertile 
terminal part of the thallus is comprised of a cluster of branches called the con- 
ceptacle. The conceptacle itself consists of an outer peridium which is ruptured 
at maturity by the pressure of the maturing ascospores, and an inner ground 
tissue called the gleba which is divided into fertile areas by layers of sterile 
hyphae. The walls of the asci (figure 120, I) disintegrate in the spring and the 
ascospores then appear scattered throughout the ground tissue among the hyphal 
threads (figure 120, 2). The surrounding hyphae ultimately form dark colored 
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hard pseudoexospores (figure 120, 3) similar to the spores of Endogone (fie- 
ure 76, 6). * v 6 

In Tnchocoma, another tropical genus (Boedun, 1935), the hyphae of the 
ground tissue harden to form a capillitium which enmeshes the ascospores, and 
the spores are released from the fructification by the extrusion of this tuft of 


Fig. 119. Fructification of Den- Fig. 120. Dencirosphaera Eberhardti P?Li. 7 ground 

drosphaera Eberhardti Pat. ^/s natural tissue of a locule containing young and mature asci. 2 the 
size. (From Boedun, 1935.) walls of the asci have disintegrated, and the ascospores 

are lying within the ground tissue surrounded by hyphae. 
3 ascospores showing the formation of pseudoexospores. 
x270. (From Boedun, 1935.) 





hair-like threads (figure 121). Since new hyphae and ascospores are being 
formed continuously, a single fructification may contain asci in all stages of 
development, from ascogenous hyphae near the base to mature dispersing asco¬ 
spores at the tip. The asci develop in a chain as in Onygena but the details of 
their origin are unknown. 
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Fig. 121. 
dispersing the 


Fructifications of Trichocoma paradoxa Jungh., showing the 
mature ascospores. ^4 natural size. (From Bokdun, 1935.) 


extruding capillitium 





4 


^ic.. l„. Development of the fructincation of A.coscleroderma cyano,norun, (Tol . rf-n, 
/ young stage showing the central ascogonium and the primary ascogenous hyphae ?! 

stage with a central cavity and a two-layered peridium. i mature fructdkatlon „ nr VT" 
.1 secondary ascogenous hyphae. Pe outer layer of the peridium P ■ P P imary hyphae. 


Family 4. Elaphomycetaceae 

,v„I''r ■'"= ‘'“"■‘'S' El^PSomycelaceae are moslly mycorrhUal 

lypcs l.vmg m the so.l. The family represent derivatives of the Loeraillaeeae 
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whose 1 ruclificalions are hypogeal, or subterranean, and which possess a hard 
peridiuiri. 

The young fructification of Ascosclerocierma cyanosporum (Tul.) Clem. 

( Elaphomyces cyanosporus Tul.) is a structure about one millimeter in dia¬ 
meter, composed of a dense inner tissue and a loose outer layer (Clemencet, 
1932). There is a multinucleate ascogonium in the center of the inner tissue 
which is indicated as a small circle in figure 122, 7. In the fertile locules of the 

endemic Australian species MesophelHa castanea Lloyd, 
and antheridium, as well as an ascogonium, has been 
observed, the tip of which unites with the ascogonium 
(C. W. Dodge, 1929). On the other hand, sexual organs 
probably are lacking in Elaphomyces and copulation 
occurs somatogamously (Clemencet, 1932). 

The ground tissue develops chiefly toward the tip 
(figure 122, 2) and produces a cavity by the disinte¬ 
gration of its hyphae. The multinucleate (primary?) 
ascogenous hyphae (figure 122, p) become septate to 
form binucleate (secondary?) ascogenous hyphae (fig¬ 
ure 122, 2s). The ascogenous hyphae, together with 
newly formed felt-like hyphae, develop a glebal layer 
covering the walls of the hollow chamber. The asci 
of Elaphomyces and Mesophellia are formed in chains 
of the Ctenomyces type. 

In Ascosderoderma (figure 122, 3), the peridium 
develops two layers of tissue in addition to an outer 
dark colored skin. In Elaphomyces^ only one layer of 
tissue is present although the outer skin becomes mo¬ 
dified into a complex system of outgrowths or warts 
(figure 123) which often are so specific in character 
that they may serve for the taxonomic identification of 
the species. 

The cytological details of the life cycle of the Ela- 
phomycetaceae, like those of the Onygenaceae, are not 
known. The members of this family form an evolution¬ 
ary series parallel to the Tuberales, or truffles, which 
will be described later in the discussion of the higher 
Ascomycetes. The evolutionary sequence also is parallel to the hypogeous 
representatives of the Gastromycetes in the Basidiomycetes. The similarity 
in appearance of the fructifications of Elaphomyces cervinus (Pers.) Schroet. 
to those of the true truffles, except in size, is the basis of their common name, 

stag truffle. 



F*g. 123. Section 
through the outer tissues 
of the mature fructification 
of Elaphomyces cervinus 
(Pers.) Schroet. C skin 
layer. P peridium. t ste¬ 
rile hyphal layer or tramal 
plate, g gleba. x about 
150. (From Clemencet, 
1932.) 
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Family 5. Ophiostomataceae 

The fructifications of the Aspergillaceae and their relatives remain closed 
structures and the ascospores are released only by the general disintegration of 
the peridium. This condition is designated as cleislocarpy or angiocarpy. On 
the other hand, the fructifications of the family Ophiostomataceae extrude the 
mature ascospores through a special opening or ostiole. This condition is 



Fig. 124. The type of coremia 

produced by Peiriella LinJ/otwit Cur/i. 200. 
(From Lini)K)ks, in Gaumann. 1926.) 


Fig. 125. Immature ascocarp of Microascus 
irigonosporiis Em. and D. with ascogenous hyphae 
extending downward from the apex. x675. (From 
Emmons and Dodgk, 1931.) 



designated as gymnocarpy. The phenomenon of gymnocarpy is regarded as 

a more highly advanced feature than angiocarpy. For example, the genus 

Clweiomium (Greis, 1941 ; Tschudy, 1937) which exhibits both angiocarpy and 

gymnocarpy has been classified with the lower Sphaeriales because of its 
morphological development. 

The asexual fructifications of the Ophiostomataceae are so similar to those 

of the Aspergillaceae that one might erroneously group together representatives 

of both families. Frequently the conidiophores form coremia of the Graphium 

or Acaulium type (figure 124). A few species of Ophiostoma produce endo- 
conidia of the Thielavia type (figure I 10). 

The sexual phenomena typical of this family are illustrated by the life cycles 
of Microascus and Ophiostoma. 

The genus Microascus is related directly to the Aspergillaceae. Copulation 
branches are produced as the thalli approach sexual maturity. Copulation oc- 
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curs in Microascus lunasporus Jones (1936), but the sexual organs are non¬ 
functional in Microascus trigonosporus Emmons and Dodge (1931); in fact, the 
antheridium often is not differentiated at all. 

The young fructification, or ascocarp, is closed and globular in shape. The 
ascogonium lies in the center of the structure during the early stages of itsdeve- 




Fig. 126. Half-mature ascocarp of Microascus tri¬ 
gonosporus Em. and D. in which the ascogenous hyphae 
have completely replaced the central ground tissue. The 
ostiole has formed at the apex, x 400. (From Emmons 
and Dodge, 1931.) 


Fig. 127. Mature ascocarp of Mi¬ 
croascus cirrhosus Curzi extruding a 
chain of ascospores (cirrus). xl35. 
(From Curzi, 1930.) 


lopment, but it later appears near the apex because of the greater growth of the 
basal ground tissue (figure 125). The ascogenous hyphae, since they originate 
with the ascogonium, spread outward and downward in the interior of the 
ascocarp. 

The peridium differentiates into an outer, dark-colored, thick-walled layer, 
and a more delicate inner layer. The more rapid growth and tangential ex¬ 
pansion of the outer layer cause the apex of the peridium to arch upward. The 
hyphae then pull apart at the tip and a papilla-like ostiole is produced (figure 
126). The mouth of the’ostiole is lined with short periphyses which are merely 
the terminal sections of the hyphae forming the neck of the ascocarp. 
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The asci are produced as in the Ctenomyces-Xypo;. Their walls disintegrate 
as in Dendrosphaera and contribute, together with the disintegrating ground 
tissue, to the glue-like substance which holds the ascospores together in a chain 
(figure 127) called the cirrus. The extrusion of the ascospores in a cirrus is a 
aeneric character. 



Fig. 128. Early stages in the development of the ascocarp of Opliiosfoma moniliforme (Hedge.) 
Syd. 1-2 the female copulation branch becomes coiled. 3 sterile hyphae have enclosed the asco- 
gonium which has developed one binucleate cell. 1000. (From Andrus and Harter, 1937.) 



S 6 7 8 


Fig. 129. Development of the naked ascus of Ophiostoma moniliforme (Hedge.) Syd. I simuN 
laneous nuclear division in a naked ascogenous protoplast. 2 the naked daughter cells become 
arranged as in hook formation. 3-4 fusion of both uninucleate daughter cells. 5 karyogamy. 
6 second meiotic division, the ascus A is differentiating within the ascogenous cell. 7 eight-nucleate 
naked ascus within an ascogenous cell. 8 the ascus forms eight protuberances within the asco¬ 
genous cell. x2000. (From Andrus and Harter, 1937.) 

The genus Microascus might be regarded as a group of the Aspergillaceae 
in which the ascocarps develop an opening or mouth as an exit for the asco¬ 
spores. On the other hand, the genus Ophiostoma (Ceratostomella), the next to 
be described, evolves along its own individual line. In somespecies of this genus, 
the disintegration of the ascus wall does not take place at the maturity of the 
ascus as in Microascus, but occurs in the dikaryotic ascogonium (Andrus, 1936; 
Andrus and Harter, 1937). 

The development of the fructification begins, as usual, with the formation 
of the female, and sometimes also the male, sexual organs. A cell of the septate, 
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spirally shaped ascogonium, often subterminal, becomes binucleate probably 
through a nuclear division without the subsequent formation of an intervening 
wall (figure 128, J). If an antheridium develops, it remains functionless. The 
mechanism of dikaryon formation is relegated entirely to the ascogonium just 
as it is to the hyphae Taphrina deformans After the first layer of 

the young ascocarp has become somewhat firm, the cell wall of the ascogonium 



Fig. 130. Development of the ascus of 
Ophiostoma fimbriatnm (E. and H.) Nannf. 
/ naked ascogenous protoplasmic unit after 
karyogamy containing a large syncaryon. 2-3 
first and second nuclear divisions; the ascus 
cytoplasm/4 is beginning to differentiate. 4-5 
the ascus wall disappears. The ascospores 
form in the moniliforme manner. 6-7 a cell 
wall forms, and an eight-nucleate ascus lies 
within a naked ascogenous cell 6 and the asco¬ 
spores have formed by segmentation 7. x 2000. 
(From Andrus and Harter, 1937.) 


of the two species described disintegra¬ 
tes so that the protoplast lies as a naked 
ball within a small cavity in the asco¬ 
carp. The binucleate naked cell divides 
to form other binucleate protoplasts. 
The initial linear arrangement of the 
daughter cells becomes lost and finally 
a large number of naked binucleate cells 
fills the cavity which was developed by 
the disintegrating ground tissue. 

The asci mature in the central ascus- 
forming substratum at about the time 
when the neck of the ascocarp is form¬ 
ing. The nuclei of the dikaryon undergo 
simultaneous division. The spindles be¬ 
come arranged obliquely with respect to 
each other (figure 129, 7), and two uni¬ 
nucleate naked cells are formed (figure 
129, 2-3). These cells may remain uni¬ 
nucleate and finally disintegrate, but 
under proper conditions they may fuse 
and thereby become a new binucleate 
cell (figure 129, 4). The over-all process 
obviously is the equivalent of hook for¬ 
mation. 

Contrary to the process normally to 
be expected in the Ascomycetes, the di¬ 
ploid hook cell represented by the naked 
cytoplasmic ball does not develop to 
form the ascus directly. The actual 


spore producing area lies within the cytoplasmic ball and this is the true func¬ 


tional ascus. 


In Ophiostoma moniliforme (Hedge.) Syd., the ascus is enclosed only by a 
plasma membrane (figure 129, 7) and forms eight protuberances radiating out¬ 
ward into the ascogenous cell. Each of these radiating units contains a daughter 
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nucleus and ultimately becomes a naked ascospore enclosed only by a rather 

firm plasma membrane (figure 129, 5). 

In Ophiostoma fimbriatum (E. and H.) Nannf., the formation of the asco- 
spores follows the same general scheme as in Ophiostoma moniliforme (Hedge.) 
Syd. in the event the ascus is naked (figure 130, 4-5). Sometimes, however, the 
ascLis is enclosed by a true cell wall instead of a plasma membrane (figure 130, 6 ), 



FiG. 131. Mature ascocarp o^Ophiosioma 
fimhrialum (E. and H.) Nannf. r rostrum. 
X 165. (From Andrus and Harter, 1933.) 



Fig. 132. Section through the rostrum of 
Ophiostoma adiposum (Butl.) Nannf. J the apex 
is still developing. 2 mature ostiole through 
which the ascospores are discharged, x 520. 
(From Sartoris, 1927.) 


in which case, the ascospores develop by segmentation of the cytoplasm just as 
sporangiospores are formed in the Phycomycetes (figure 130, 7). 

The mature ascus contains a compact group of eight ascospores. Frequently 
the group is held together by viscous threads formed of the remains of the cyto¬ 
plasm. The ascus wall degenerates to slime. The mature ascocarp consists of 
a long needle-like neck called the rostrum (figure 131), composed of parallel 
hyphae possessing a special zone of elongation (figure 132, I). There is a crown 
of hyaline, lash-like threads at the apex of the rostrum. 
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The life cycles of the two species of Ophiostoma described above may be 
characterized as follows: 

1. The dikaryotic mother cell does not form ascogenous hyphae directly, 
but produces a parenchyma-like ascogenous tissue. This phenomenon will 
appear again in Myriangium which will be described later. On the other hand, 
some species of Ophiostoma^ for example Ophiostoma montium Rumb., form 
ascogenous hyphae enclosed by true cell walls and producing asci by hook 
formation (Taylor-Vinje, 1940). 

2. The ascogenous cells and the asci do not possess true cell walls but are 
enclosed by a plasma membrane. The absence of a cell wall is a retrogressive 
characteristic. 

3. The ascospores are differentiated from the protoplasmic balls by a com¬ 
pletely new process. However, in Ophiostoma montium Rumb. the ascospores 
develop by free cell formation. It is apparent that the process of ascospore for¬ 
mation is not stabilized at this evolutionary level in the Ascomycetes. 

It is not possible in view of our present inadequate knowledge to understand 


the true evolutionary significance of these phenomena. 

If we review the over-all picture of the Plectascales, the following features 

appear to be of special significance: 

1. Sexuality follows two opposite lines of evolution. One line exhibits an 
increasing degree of differentiation of the copulating female branch until it be¬ 
comes a special organ of fertilization called the trichogyne. Another evolution-^ 
ary tendency leads to the degeneration of the male copulation branch untjl it 
becomes a functionless structure, and then to a degeneration of the female ■ 
copulatory organs. Finally, copulation sinks to the Ipvel of somatogamy. 

2. Karyogamy does not follow plasmogamy immediately. A dikaryotic 
phase intervenes between cytoplasmic and nuclear fusion. Ascogenous hyphae 
are not organized regularly in the manner commonly described in textbooks, 

since various contingencies arise during the process. 

3. The ascogenous hyphae and the subsequent asci become surrounded by 
mycelium developing from the mother hyphae and additional vegetative hyphae. 

The surrounding tissue becomes differentiated into a characteristic fructification. 


In the higher members of the Ophiostomataceae, the fructification possesses an 
apical pore and becomes, therefore, a perithecium. The perithecial type of 

fructification will be described in detail in the discussion of the Pyrenomycetes. 

- 





rder Perisporiales 

The representatives of the order Perisporiales combine the characteristics 
of the Plectascales and those of the typical stromatic Ascoloculares (in the sense 

of Nannfeldt, 1932). 
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There are two important characteristics of the Plectascales which may be 
described briefly as follows: 

1. Like the Gymnoascaceae and Aspergillaceae, the Perisporiales develop 
fructifications after the differentiation of the sexual organs. 

2. The asci do not discharge the ascospores as do the typical Ascoloculares. 
The ascospores are dispersed at maturity by the disintegration of the ascus. 

As in the Ascoloculares, the asci are produced in special cavities or locules 

in the ground tissue of the fructification. The development of loculi is the basis 

for the name of the group. The asci disintegrate at maturity and release the 
ascospores. 

The intermediate position of the Perisporiales makes the order difficult to 
define. Their evolutionary development is too advanced to permit their inclu¬ 
sion in the Plectascales, and they are too different from the Pseudosphaeriales 
to be grouped with them. The valid taxonomic existence of the order might 
well be questioned since so many transitional forms exist. 

Most of the Perisporiales are parasitic and many of them are ectoparasitic. 
The life histones of representatives of two families will be described, the Ery- 
siphaceae which possess white aerial mycelia and a highly developed asexual 
reproduction, and the Perisporiaceae which produce dark-colored aerial hyphae 
and exhibit a decadent type of asexual reproduction. 


1. Erysiphaceae 

The Erysiphaceae, or true mildews (Blhmer, 1933), together with the higher 
Peronosporaceae and the rusts, are obligate parasites which have never been 
grown on artificial media or on dead substrata. 

The Erysiphaceae exhibits a transition in their relationship to the host from 
the endo- to the ectoparasitic habit. Leveillula taurica (Lev.) Arn. parasitizes 
man^y species of plants in the Mediterranean area. It grows endoparasitically 
m the inesophyll tissue of its hosts but its fructifications are produced extrama- 
trically.(^The mycelium of the genus Phyllactinia grows ectoparasitically but spe¬ 
cial food absorbing hyphae, or haustoria, enter the spongy parenchyma of the 
leaves by way of their stomatal openings. Most of the other Erysiphaceae live 
exclusively extramatrically, forming a loose whitish coating over the surface of 
their host plants causing them to appear to be covered with flour, hence the 

common name of mildew. The haustoria penetrate the epidermis and onlv 
rarely also the subepidermal cells. ^ 

The asexual fructifications predominate over sexually produced reproduc- 
tive structures to such an extent that some species are known almost exclusively 
by their asexual structures, and therefore were placed for a long time in the 
genera Oidium, Ovulariopsis, and Oidiopsis fungi imperfecti. 
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The Oulium type is typical of most of the Erysiphaceae. A hypha produces 
a side branch opposite the nucleus (figure 133, 1-2) and this branch functions 
as the spore mother cell and successively cuts off a chain of daughter cells re¬ 
sembling the phialides of the Aspergillaceae. Each daughter cell becomes round 
in shape and forms a conidium, or in other instances it divides once and then 



Fig. 133. 1-5 development of conidial chains of Fig. 134. Conidiophore of the 

the Oidium type by Sphaerotheca humuli (DC.) Burr. Ov/z/ar/opj/.v type produced by/*yiy//i7c- 
6 similar process in Erysiphe graminis DC. / foot cell. tinia suffulta {Kch.) Sacc. /foot cells. 
m spore mother cell, c conidia. x about 400. (From w spore mother cell, cconidium. x400. 
Foex, 1913. 1924.) (From Foex ,1925.) 


both of the resulting cells form conidia. The conidia are actively discharged 
to a considerable distance from the mother hypha. In many species, the spore 
mother cell is not attached directly to the sporangiophore, but is borne on a 
special foot cell (figure 133, 6). 

The conidia of the Erysiphaceae, therefore, do not develop according to the 
Oidium type as was originally assumed (hence the name) because in the Oidium 
type the oidia, in the strict sense, originate by fragmentation of the hypha. In 
the Erysiphaceae they originate as true conidia successively cut off from the 
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apex of the spore mother cell. This historical error has caused a lasting mis¬ 
understanding because the term oidium has been used conventionally in the 
literature of plant pathology to designate the asexual reproductive bodies of the 

Erysiphaceae. It should be remembered that spores, in the mycological sense, 
are not equivalent to oidia. 

The Ovulariopsis type (figure 134) is found only in 
Phyilactinia and the foot always is present. In this genus, 

the foot is a slender, several-celled structure. The conidia 
are rhomboidal in outline. 

-..Finally, in the Oidiopsis type (figure 135) which is 
limited to the genus Leveillula, the conidiophores deve¬ 
lop from balls of pseudoparenchymatous hyphae in the 
stomatal opening and extend outward into the air. These 
conidiophores, therefore, are not formed by the extra- 

matrical mycelium, in contrast to the two previously 
'described types. 

The sexual reproductive cycle of the Erysiphaceae has 

been studied many times (Gaumann, 1940), but many 

problems of the functional behavior of the gametangia 

and of the origin of the ascogenous hyphae are yet un- 
solved. 

The Erysiphaceae may be divided into three groups 
depending on whether the dikaryon originates by game- 
^tangy, somatogamy, or apomixis. 

In the species exhibiting normal gametangy, the male 
copulation branch consists of a stalk cell and a uninu¬ 
cleate antheridium (figure 136). The female copulation 
branch consists of a uninucleate ascogenous cell and ulti¬ 
mately also of a stalk cell. Like the Gymnoascaceae 
no trichogyne is produced. The antheridium attains an'open union with the 

ascogoniunr, through which the mate nucleus migrates (figure 136 1-2) This 

(ZlTJo,'" W Lev., a parasite on Tr/Mum arid 

(Harper, 1896), m Erysiphe nitida (Wallr.) Rabh., a parasite on n^lnhs^- 

(Allen, 1936); in Sphaerotheca humuli (DC.) Burr which attarV w 
(Harper, 1895; Blackman and Fraser, 1905) in 

(Schlecht.) Salm. which is found on Melampyrum 

xacum (Homma, 1934); and in many other related species. ’ ^ 

The copulation branches of Erysiphe nitida (Wallr ) Rabh arf. nrrt h o- 
enuated always rnto morphologically recognizaL sexi^prgans “u" 
copulations may occur somatogamously between ordinary vegetative eell fh' 

a srngle developing fructification. The ohservation of “halLm L t;" 



type produced by Le~ 
yeilhda laurica (Lev.) 
Am. / foot cells, m 
spore mother cells, c 
conidia. x about 400. 
(From Foiix, 1913.) 
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siphe cichoracearum H.C., a parasite on Helianthus annuus L., reported by 
Yarwood (1935) may be taken as evidence of the existence of true sexual 
processes. 

A’ In the forms exhibiting decadent sexuality, the male nucleus does not enter 
the ascogonium, but disintegrates within the antheridium (figure 137, 2-4), The 
ascogonium proceeds with its development apomictically. This type of deve¬ 
lopment occurs in Erysiphe lamprocarpa (Wallr.) Duby, a parasite on Planiago 
(Raymond, 1934); in Sphaerotheca mors-uvae (Schw.) Berk., a parasite on 



Fig. 136. Gametangy and the formation of the ascus in Sphaerotheca fuUginea (Schlecht.) 
Salm. /—2 gametangial fusion. 5-4 division of the dikaryon. 5—7 development of the ascus. ^ stalk 
ceil, a antheridium. ascogonium. A ascus. 2—5, 7 xI040; 6 x665. (From Bergman, 1941.) 

Ribes Grossularia (Eftimiu and Kharbush, 1928); in Microsphaera alphiioides 
Griff, and Maubl., a parasite on Quercus (Raymond, 1934); in Uncinula aceris 
(DC.) Sacc., a parasite on Acer; in Uncinula salicis (DC.) Wint, a parasite on 
Salix (Eftimiu and K harb ush, 1928); in Phyllactinia suffulta (Reb.) Sacc., a 
parasite on Corylus (Colson, 1938); and in many other species. 

Usually, Erysiphe graminis DC. and sometimes Erysiphe nitida (Wallr.) 
Rabh. do not produce differentiated copulation branches. It will be recalled 
that members of the Penicillium Brefeldianum Dodge group also fail to produce 
morphologically recognizable organs of copulation. In this sexually decadent 
form, intertwining lateral hyphal branches (figure 138) rise above the substratum. 
Actual copulation between these branches has not been observed (Bjorling, 

1946). 

The variations in the further development of the ascogonium are as numer¬ 
ous as those observed in the Plectascales, but the sexual apparatus of all types 
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becomes enclosed with peripheral hyphae very early in its development. This 
surrounding layer of hyphae becomes thickened and ultimately forms a peri- 
thecium. Just as in the Plectascales, the fructification is differentiated into an 
outer brownish rind or peridium, and an inner hyaline ground tissue. 



Kui. 1 37. Development of the ascogonium of Phyllacduia sujfulta (Reb.) Sacc. 1 young copu¬ 
lation branches not yet septate from the sporangiophore. 2 the male nucleus is beginning to de¬ 
generate. 3~5 development of the ascogonium into the multinucleate stage. The copulation bran¬ 
ches are covered by vegetative hyphae. 6 the ascogonium has become septate, producing a sub- 
terminal dikaryon. 7 the binucleaie subterminal cell is dividing, a antheridium. .v stalk ce 
use ascogonium. 850. (From Colson, 1938.) 






Fk.. 138. Initial hyphae of Erysiphe iiraminis DC. Explanation in the text, x 950. (From 
BJORLING 1946.) 


In the first group, which is represented by the single genus Spliaerotheca, 
the ascogonium itself develops into an ascus. For example, the dikaryon of 
Spliaerotheca fuliginea (Schlecht.) Salm. divides once (figure 136, 3-4) and the 
four daughter nuclei become separated by cross walls into two uninucleate cells. 


K) Giiumann 
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and one dikaryotic cell. The dikaryotic cell then becomes an eight-spored ascus 
(Bergman, 1941). 

This type of ascus formation does not occur in those representatives of the 
Plectascales described earlier in the text, but it does occur in Microeurotium 
albicUum Ghatak (1936). This interesting species was excluded from the earlier 
discussion because of the uncertainty concerning the cytological details of the 

formation of its ascus. It is known, however, that a binucleate subterminal cell 
produces a multi-spored ascus. 



Fig. 139. I perithecium of Erysiphe Martii Lev. on Melilotus, 2 perithecium of Uncinula aceris 
(DC.) Sacc. on Acer. 3 perithecium of Microsphaera a!phitoides Griff, and Maubl. on Qitercus. 
1 x40; 2-3 X about 130. (From Blumer, 1933.) 


In the second group, the binucleate subterminal cell of the ascogonium pro¬ 
duces ascogenous hyphae from which asci are developed later. For example, 
the ascogonium of Phyllactinia suffulta (Reb.) Sacc. first becomes 8-nucleate by 
two nuclear divisions (figure 137, 7), and then produces unseptate ascogenous 
hyphae in the ground tissue. The nuclei become arranged in a row and again 
divide. Finally side branches of these hyphae are cut off by cross walls. Each 
side branch forms a uninucleate terminal cell and binucleate intercalary cells, 
the uppermost of which produces the ascus (Colson, 1938). From 10 to 30 asci 
are produced in this manner within a single perithecium (figure 140, 7). 

The type of ascus formation described above also occurs in the Plectascales, 
for example in Ophiostoma and other genera. It occurs in those species in 
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which the subtetminal binucleate cell forms ascogenous hyphae having true cell 
walls. These examples of the Plectascales are not described in the present text. 

In a third group, exemplified by Erysiphe gvaminis DC. (Bjorling, 1946), 
the undifferentiated initial hyphae produce throughout their entire length dark- 
colored hyphae which are multinucleate and which form a thick ball of inter¬ 
twined threads. The degeneration of the cells in the center of this ball produces 
a cavity, at the base of which the ascogenous hyphae develop by an unknown 
histological process. A layer of about 20 asci of the hook type is produced. 



I ici. MO. Phyllactinia sufjulta (Reb.) Sacc. J periihecium with penicillate cells above, a turgid 
spherical cell on the right, and a collapsed spherical cell on the left. 2 erect perithecium bearing 
an apical drop of slime. 1 >.200; 2 x 100. (From Neger, 1901.) 

Erysiphe grarninis DC. is seen, therefore, to produce perithecia tending toward 
the ascohymenial type. 

The nuclei of the asci and ascospores are exceptionally large and become 
deeply colored with the usual laboratory stains; consequently the Erysiphaceae 
furnishes exceptionally suitable material for the study of the production of 
ascospores by the process of free cell formation. 

The mature perithecia of Sphaerotheca^ Erysiphe^ and Leveillula usually are 
symmetrical in outline, that is, all segments are similar in shape and structure. 
On the other hand, the fructifications of Microsphaera and IJncmula are dorsi- 
ventral as the basal cells are wide and thin-walled while those toward the apex 
are narrow and thick-walled. The ascospores are released by the irregular rup¬ 
turing or crumbling of the peridium. 

In some instances, the perithecia aid the dissemination of the spores by 
means of hook-like appendages produced by the outer cells of the peridium. 
The perithecial appendages of some genera are so characteristic that they are 
useful for taxonomic identification (figure 139). 

The perithecia of the genus Phyllactinia are extruded actively from the ex- 
Iramatrical hyphae (Neger, 1901). Vesicles with thin-walled under surfaces and 
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thick-walled upper surfaces are inserted at the base of the appendages (figure 
140). Dehydration of the vesicle modifies its shape, thereby pushing the peri- 
thecium upward on a stalk, and separating it from the surrounding mycelium. 
Experiments carried out in a desiccator have shown that the upward thrust of 
four perithecia is sufficiently powerful to lift a cover glass. The attachment of 



Fig. 141. 1-6 formation of ascospores by free cell formation by Phyllactinia sufjulta (Reb.) 

Sacc. 7-9 formation of ascospores by the same process by Erysiphe cichoracearum DC. / young 
ascus containing a dikaryon. 2-3 karyogamy. 4-6 stages in the division of the primary ascus 
nucleus. 7-8 the kinoplasm is differentiating an ascospore from a radial star-like cluster of cyto¬ 
plasmic strands. 9 half-mature ascus containing two ascospores. 1-6 x about 1100; 7-9 x about 
750. (From Harper, 1905.) 

the perithecium of Phyilactinia to a new surface is not effected by the appendage, 
but by special tufts of short hyphae which form a drop of hygroscopic slime 
at its apex (figure 140, 2). The drying of this droplet firmly cements the peri¬ 
thecium to the surface. 

The phylogenetic sequence of the representatives of the Erysiphaceae is yet 
uncertain. However, they do form a unified group on the basis of their external 
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Kusanoopsis (figure 143) produces cushion-like stromata up to one milli¬ 
meter in diameter within the leaf tissue of the host plant. These stromata 
break forth at maturity. They have a uniform structure throughout except 
that the sterile marginal layer is somewhat denser. This also is true in Stevensea 
except that the ascogenous stroma is borne on a short stipe (figure 144). 





Fig. 143. Section through the stroma of 
Kusanoophis ^iiianensis Stev. and Weed, ep epi¬ 
dermis of the host plant, w intramatrical my¬ 
celium. sfr cushion-shaped stroma with scat¬ 
tered asci A. p sterile peripheral area of the 
stroma, x about 200. (From Stkvens and 
Wfedon. 1923.) 



Fig. 144. Section through the fructification of Stevensea IVrigli/ii (B. and C.) Sacc. j fool 
extending through a stomaial opening of Opimtia and supporting the ascus-producing stroma. 
H’ ground tissue within the host. I the stroma has broken over a locule thereby permitting the 
ascospores to escape, x about 240. (From Dodge. 1939.) 


The evolutionary trends within the Myriangiales proceed in two directions 
from the more primitive, homogenous, ascus-bearing stromatal types. One line 
of development leads to the formation of a special cover layer, while the other 
terminates in stromata differentiated into fertile and sterile areas. 

In the first evolutionary line, the formation of a special cover layer called 
the shield or epithecium represents the termination of the sequence. The genera 
Plectodiscella (figure 145) and Elsinoe present examples of this type of fructify¬ 
ing layer. The ascogenous layer exhibits a characteristic appearance and be¬ 
comes the fructification which is sometimes called the ascoma in the taxonomic 
literature. The asexual fructifying stage of Plectodiscella veneta Burkh., a para¬ 
site on the branches of Pubus^ has been described as Gloeosporiufti venetutn 
Sacc., one of the fungi imperfecti. 
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In the second evolutionary line, the division of the stroma into fertile and 
sterile areas is attained in the genera Myriangium and Atichia, The stromata 
ot these genera are composed of pseudoparenchymatous hyphae. The fertile 
tissues, or conceptacles, are represented by areas elevated above the general sur¬ 
face. In Myriangium (figure 146), the asci are irregularly distributed in the fer¬ 
tile areas, while in Atichia (figure 147) the asci are borne in a rudimentary 
hymenium. 



Fig. 145. Section through the fructification of Plectodiscella piri Wor. ep dark colored cpi- 
thecium. hyp slightly developed hypothecium. x 500. (From Woronichin, 1914.) 




Fig. 146. Section through the concep- 
tacle of Myriangium Duriaei Mont, and Berk. 
X about 70. (From Miller, 1928.) 


Fig. 147. Section through the conccptacle 
of Atichia Millardeti Rac. showing the immature 
asci. X 120. (From Arnaud, 1925.) 


Unfortunately, the sexual cycle is adequately known only for the genus 
Myriangium (Miller, 1938). Myriangium Duriaei Mont, and Berk, is a widely 
distributed parasite on plant lice. The hyphae extruding from the insect host 
frequently penetrate the lenticles of the plant upon which the insect finds itself 

and securely fasten the mummified host to the plant. 

A one-celled to three-celled multinucleate ascogonium appears under the 
surface of the conceptacle (figure 146). The ascogonium bears a uninucleate 
trichogyne (figure 148, 7). A second, multi-celled hypha usually lies close to 
the ascogonium. This subsidiary hypha probably is a male copulation branch 
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(figure 148, 1), although obviously it does not take part in the sexual process 
as it retains all of its nuclei, even after the ascogonium has attained an advanced 
stage of development. Copulation apparently takes place apomictically. 

The fertile ascogonial cell divides both lengthwise and crosswise and forms 
a layer of large, multinucleate, darkly staining cells (figure 148, 2p). This layer 
lies imbedded within the conceptacle between the rind and the central part of 
the structure. It probably may be regarded as primary ascogenous hyphae. 



Fig. 148. Sexual development of Myriangium Duriaei Mont, and Berk. I female copulation 
branch with the ascogonium asCy and the trichogyne /. The adjacent hypha probably is a male 
copulation branch a. 2 layer of probably primary ascogenous hyphae p. J section through pro¬ 
bably secondary ascogenous hyphae .v. 4 division of an ascogenous cell to produce a sterile cell .s7, 
and a fertile cell /. 5-6 division of the fertile daughter cell to form an ascus A, and a stalk cell .v/. 
7 young asci A with stalk cells sf. xabout70(). (Modified from Mm.lkr, 1938.) 


The uppermost cells of this layer divide to form binucleate cells which continue 
to divide crosswise until chains of binucleate cells are produced. These chains 
are homologous to the secondary fertile ascogenous hyphae (figure 148, i.v). 
A single ascogonium thus is seen to produce a considerable amount of asco¬ 
genous tissue which comprises the entire fertile area of the conceptable (fig¬ 
ure 146). 

The production of the asci, which are the Cteuomyces type, occurs in the 
ascogonial stratum about one month after the appearance of the ascogonium. 
Intercalary binucleate cells in the ascogenous filaments divide longitudinally or 
obliquely to form two binucleate daughter cells (figure 148, 4), one of which 
becomes the ascus and the other the stalk cell (figure 148, 5-6). 

The ascospores are septate as in most representatives of the Myriangiales. 
As the ascus approaches maturity, its wall increases markedly in thickness and 
becomes differentiated into a thick outer layer and a thin inner layer. The outer 
layer bursts and the inner layer extrudes through the opening until the ascus 
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itself becomes about three times as long as it was before its extrusion. A similar 

phenomenon occurs in Leptosphaeria (figure 159). This extrusion of the ascus 

is sufficient to thrust its apex through the external rind of the conceptacle. 

Finally, the extruded inner wall of the ascus also breaks and the mature asco- 

spores are released. Although all of the asci are mature at about the same 

time, their release proceeds progressively downwards. A new layer of fertile 

tissue may be formed during the following year and another crop of ascogonia 
produced. 

The important features of the life cycle of Myriangium may be described as 
follows: 

1. The formation of ascogenous tissue, Ascogenous tissue occurs also in 
Ophiostoma in the Plectascales, and a comparable tissue is produced by Erysiphe 
nitida (Wallr.) Rabh. and Erysiphe graminis DC. in the Perisporiales. One may 
scarcely avoid the conclusion that the original Euascomycetes, in the evolution¬ 
ary sense, were able to consummate sexual processes of a very different type 
than those dependent on the conventional ascogenous hyphae of the higher 
forms now living. The investigation of sexuality in the tropical forms might 
well furnish new and surprising information concerning this problem. 

2. The cytological specialization of the dikaryotic phase. The specialization 
of the fertile tissue within the conceptable concerns exclusively the dikaryotic 
mycelium, and the haploid vegetative stroma is not involved. The asci do not 
lie in locules within the stroma, but they are produced within the layer of asco¬ 
genous binucleate hyphae and are nourished exclusively by that tissue. How¬ 
ever, the contents of the conceptables of some species of Myriangium may not 
consist purely of ascogenous hyphae. For example, in Myriangium Curtisii 
Mont, and Berk., a subtropical species which also parasitizes insects, sterile 
hyphae are present between the chains of ascogenous cells (Miller, 1938). An 
even greater number of sterile hyphae occurs among the ascogenous chains of 
Myriangium bambusae Rick (Tai, 1931). 

6. Order Pseudosphaeriales 

The evolutionary ancestors of the Pseudosphaeriales could have been those 
members of the Myrianiales which produce fructifications of the Plectodiscella 
type (figure 145). The asci are borne in a layer or in an organized cluster. The 
fertile stroma rounds up to form a perithecium-Iike fructification. 

The six families to be described may be identified by the following key: 

A. Ascus-bearing hyphae distributed throughout the ground tissue. 

Family I. Dothioraceae (page 155). 

AA. Asci borne in fertile areas called conceptacles. 

B. Only one conceptacle present in the fruiting body. 

C. Asci borne in an hymenium-likel ayer. 
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Asexual fructifications are lacking in Ophioholus, Herpotrichia, and in a few 
other genera. 

The fructifications originate either from a single cell as exemplified by Pleo- 
spora, or from successive cell divisions of a growing hypha as in Enclostigtnc. 



Fig. 151. Hyphae of Capnodium 
tnonUifornie Fras. J-2 growing hyphae. 
J~7 hyphae forming conidia. /-2, 7 x 230; 
i-6x 120. (From Fraser, 1935.) 


Fig. 152. Pycnidium of Teichospora salicina 
(Mont.) Am. .vr stalk, /'fertile area. //neck, u-mouth 
cilia, c conidia. x270. (From Zopf, in Lohwag, 
1941.) 


The origin of fructifications of the Enclostigme type is well illustrated by 
Enchstigme inaequalis (Ckc.) Syd. [= Venturia inaequalis (Cke.) Wint.], the 
causal agent of apple scab (Killian, 1917; Frey, 1924). During the autumn, 
any lateral branch of a hypha within the fallen decaying apple leaf may roll 
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itself into a spiral (figure 154, /). The cells of the coiled hypha divide and be¬ 
come so densely packed in a ball that the original spiral arrangement disappears 
(figure 154, 5). 

The formation of the fructifications of the Pleospora type may be illustrated 
by the genera Pleospora, Sporormia (Delitsch, 1926; Arnold, 1928; Page, 



Fig. 153. 
Page, 1932.) 


The formation of the fructification of Sporormia bipartis Cane. x700. (From 



asc 



a- 



Fig. 154. Development of fructifications and gametangy in Endostigme inaequaVts (Cke.) Syd. 
1-3 a hyphal spiral developing to form the initial fructification tissue. 4 ascogonium mother cell. 
5 ascogonium asc and trichogyne t penetrating the peripheral layer. 6 the trichogyne has grown 
toward the antheridium a. 7 the antheridium has enfolded the ascogonium, and its nuclei have 
begun to migrate into the trichogyne. x440. (From Killian, 1917.) 


1939) and Capnodium (Fraser, 1935). A single hyphal cell continues to divide 
until a small dense clump is formed (figure 154, 4). Since this process is a true 
three dimensional cell division which normally proceeds from a single original 
cell, the result is a true parenchymatous tissue and not a pseudoparenchymatous 
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matrix as in most other fungi. Fructifications of this type develop from a ger¬ 
minating ascospore in Sporormia PoUaccii Elisei (1939). 

i-: The sexual processes take place within the stromatic initial body produced 
by either of the processes described above. The details of the sexual process 
of Emiostigme are better known than those of related genera. In this genus, a 



Fig. 155. Development ot'the pseudothecium of Meianontma Pulvis-pyrins (Pens.) Fckl. on 
the branch of a tree. / young conceptacle in the process of expansion. 2-3 details of the inner 
tissues of the conceptacle; young and old paraphysoides extend from the base and the apex into 
the ground tissue. 4 mature fructification with pore, asci, and paraphysoides. 1,4 x 150; 2 x600; 
3 x900. (From Chesters, 1938.) 


large worm-shaped cell (figure 154, 4) appears in the ground tissue and divides 
to produce an ascogonium composed of about seven cells and bearing a large 
trichogyne (figure 154, 5). The trichogyne pushes through the peripheral tissue 
of the stromatic initial body and thereby becomes exposed (figure 154, 6). 
Emiostigme inaequalis (Cke.) Syd. is physiologically heterothallic and a side 
branch of another hypha develops an antheridium (Keitt and Palmiter, 1938) 
from its terminal cell. The nucleus of this terminal cell undergoes several divi¬ 
sions and the cell itself usually forms three lobes (figure 154, 6) which contain 
up to eight nuclei. The trichogyne pushes against the antheridium and becomes 
entwined with it. Contact with the trichogyne stimulates the anteridium to 











160 


CLASS III • ASCOMYCETES—ORDER 6 • PSEUDOSPHAERIALES 


further division and growth so that the trichogyne becomes enclosed as if in a 
box (figure 154, 7). 

The male nuclei migrate into the trichogyne and then into the ascogonium. 
During the following year the fertilized ascogonium produces ascogenous 
hyphae within the ground tissue of the young fructification. The asci are of 
the hook type. 



Fig. 156. Section through a young pseudo- 
thecium of Sporormia leporina Niessl. The outer¬ 
most layer of the stroma ce is dark, the broad 
inner layer ci is lightly colored. The dark tissue 
P at the apex will be broken later to form the 
pore. Stromatic paraphysoides str hang down¬ 
ward from the surface, having lost their connec¬ 
tion with the base. x222. (From Arnold, 1928.) 



Fig. 157. Section through a mature 
pseudothecium of Endostigme inaequalis 
(Cke.) Syd. which is growing on a fallen 
apple leaf in the winter. x270. (From Keitt 
and Palmiter, 1938.) 


The development of the fructifications of Ophiobolus graminis Sacc. (Davis, 
1926) proceeds similarly to that of Endostigme, but apomictic races also occur 
in which antheridia are lacking (Jones, 1926). Teichospora salicina (Mont.) Arn. 

Capnodium suUcinum Mont.) and Aithaloderma ferruginea Fras. appear to 
develop apomictically (Fraser, 1935). 

The differentiation of the developing fructifications of many genera appears 
to follow the same general sequence as that described for Endostigme. Such 
genera are Leptosphaeria (Miller, 1928; Dodge, 1937), Pleospora (Miller, 
1928), Melanomma (Chesters, 1938), Sporormia (Arnold, 1928), and probably 
also Glomerella. The ground tissue grows upward by a rapid increase of the 
peripheral cells (figure 155). This upward growth tears the paraphysoidal 
hyphae from their basal attachments and results in their hanging in strands 
downward from the upper part of the structure (figure 156). The asci develop 
from the lower part between these paraphysoides. The paraphysoides may be 
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almost completely absorbed by the time the fructification is mature. This con¬ 
dition permits the asci to lie adjacent to each other as if they had been produced 
in a closed hymenium. However, the developmental history of the fructification 
indicates that the apparent hymenium really is a pseudohymenium produced 
by the pressing and absorption of the interthecial stromatic threads. 


Fi<;. 158. Section through the mature pseudo- 
ihecium of Didytnel/a lycopersici Kleb. showing the 
apical pore. -240. (From Ki.EBAttN, in Noac k, 
1928.) 




Fkj. 159. Discharge of the ascospores of Leptosphaeria acuia (M. and N.) Wint. / mature 
ascus. 2-3 extrusion of the inner wall of the ascus. 4~5 the apex of the ascus reaches the pore of 
the fruclificalion, and discharges the ascospores successively into the open. 1-3 x20(); 4 5 270. 

(From FIodgetts, 1917.) 





The apex of the fructification ruptures at maturity (figure 158) and the asci 
then release the ascospores through the resultant pore. In those forms which 
have been thoroughly studied, the ascus wall differentiates into a rigid outer 
layer, and an elastic, easily extensible inner layer (figure 159). The outer layer 
bursts and then the elastic inner layer becomes greatly elongated. In fact the 
ascus actually reaches the pore and then discharges the ascospores by suc¬ 
cessive ejaculations (Hodgetts, 1917; Ingold, 1933). 


Fam i ly 3. Melio/aceae 

The family Meliolaceae (Stevens, 1927, 1928) is comprised mostly of para¬ 
sitic forms which have attained a highly specialized type of ectoparasitism. 


11 Gaumann 
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Obviously, these forms have undergone a specialization similar to that of the 
Erysiphaceae in the Perisporiales, and to that of the Dermatomycetes in the 
Gym noascaceae. 

The asterinoid habit is characteristic of most representatives of the Melio- 
laceae (Arnal'D, 1918). A brownish-colored mycelium spreads radially over 

the surface of the host. Attachment to 



Fig. 160. Ectoparasitic mycelium of 
Meliola guianensis Stev. and Dow., with 
hyphopodia and fruiting bodies on Cacao 
leaves, x about 200. (From Stevens and 
Dowell, in Gaumann, 1946.) 


the host leaf is effected by short, usually 
one-celled, often regularly arranged, ap- 
pressoria-like side branches. These at¬ 
tachments are called hyphopodia (figure 
160). Other branches called the stoma- 
topodia enter the stomatal openings of 
the host leaf and produce numerous haus- 
toria among the mesophyll cells. 

Only a few species of this family have 
been recognized. 

Meliola circinans Earle, a parasite on 
the leaves of Carex (Graff, 1932), is 
representative of the group. The early 
stages of the development of the fructifi¬ 
cation are of the Pleospora type. A hy- 
phopodium produces a stroma by under¬ 
going many cell divisions. A uninucleate 
ascogonial cell appears within the stroma. 
A uninucleate antheridial cell also is pro¬ 
duced and becomes entwined with the 
ascogonium. Hyphae emerging from the 
stalk cells of the ascogonium form a 
special perithecial wall within the stroma. 
Later, the stroma completely covers the 


perithecium and erroneously appears to be the perithecium itself. The bristles 
loosely distributed around the perithecium (figure 161) are not perithecial 


bristles, but are products of the stroma. 

Unfortunately, our knowledge of the life cycles of Meliola and its relatives 

Balladyna^ Paracliopsis^ etc. is very meager, and therefore the taxonomic position 


of this family is uncertain. 


% 

« 

Family 4, Mycosphaerellaceae 

The asci in the family Mycosphaerellaceae spread more or less fan-like from 
a common base (figure 170, 2), and in the ideal case they form an erect cluster 
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spreading from the common basal area of their attachment (figure 171). They 
are not distributed on a pseudohymenium as in the Pseudosphaeriaccae (fig¬ 
ure 158). However, the boundary between these two types often is difficult to 
determine. 




Fig. 161. MelioUi corallina Mont, growing 
on leaves of Drimys. Pseudothecium with brist- 
Icss borne on the mycelium. The numerous 
hyphopodia also are evident, x about 100. 
(From Gaili.ard, 1892.) 


Fig. 162. Conidiophores of the Cerco.spora 
type. ] Mycosphaerella cercidicoUt E. and K. 
on Cents lca\es. 2 conidia of Mycosphaerella 
personata Higg. on Viiis leaves. > about 175. 
(/ from Wolf, 1940; 2 from Higgins, 1929.) 



Fig. 163. Conidia of the Ramularia type produced by Mycosphaerella fragariae (Tul.) Lind. 
/ conidial primordia or acervulus on strawberry leaf. 2 overwintering vegetative stroma germinai- 
ng with conidia. x280. (Original drawing by A. von Arx.) 


The type genus Mycosphaerella includes several hundred species, most of 
which are parasitic. The asexual fructifications of this group are of various 
types, but they are characteristic for certain groups of species which makes 
possible the delineation of subgenera. For example, some species produce loose 
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conidiophores bearing multicelled, colored conidia of the Cercospora type 

(figure 162). Other species produce short conidial chains of the Ramularia type 

(figure 163) or pycnidia of the Septoria type (figure 164). Other variations in 
the asexual fructifications also are eneountered. 



Fig. 164. Section through the Septoria type pycnidium of Mycosphaerella sentina (Fckl.) 
Schroet. produced on pear leaf. / general habit. 2 greatly enlarged view of the conidia-forming 
area. / x240: 2 x 550. (From Ki.ebahn, 1908.) 




Fig. 166. Dehiscence of the microconidia 
(spermatia) of Mycosphaerella Bolleana (Thuem.) 
Speg. I uninucleate stage. 2 binucleate stage of 
the spore mother cell. 3 the four protoplasts have 
rounded up and the spore mother cell is producing 
a sterigma. 4 dehiscence of a microconidium. 
5 microconidia. x2800. (From Higgins, 1920.) 


Fig. 165. Mycosphaerella fraxinicola (Schw.) House. Section through a pycnidium (spermo- 
gonium) showing microconidia (spermatia). x800. (From Wolf, 1939.) 


Some species possess a special type of pycnidia which produce microconidia 
endogenously rather than in the usual manner (figure 164, 2). The nucleus of 
the spore mother cell divides twice and the four resultant nuclei, together with 
segments of the cytoplasm, round up to form four protoplasmic balls (figure 
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166, 3). These uninucleate units, or microconidia, escape one after the other. 
Once freed from the parent cell, the microconidia resemble bacterial cells in 
appearance. They are from 2 to 3 microns long and from 0.5 to 1.0 micron 
wide and they possess a cell wall. In the genus Mycospliaerella, as far as now 
known, the microconidia are not able to infect the host, nor even to germinate. 
In some species, the microconidia and also the usual type of macroconidia may 
be produced simultaneously by the same mycelium (figure 167). 



Fig. 167. Pycnidium of Mycosphaerella 
hippocastani (Jaap) KIcb. Macroconidia of 
the Sepioria type and microconidia are pro¬ 
duced side by side. vJ5(). (From KLFiiAns. 
1918.) 



Fig. 168. Section through a young sub- 
slomatal stroma of Mycosphaerella Berkelevi 
Jenk. on a leaf of Arachis. There are several 
ascogonia asc whose trichogynes / are extruding 
through the pore. 1320. (From Jknkins, 1939.) 


N 

^ The sexual cycles have been observed in only a few species of the subgenus 
Ceicosphaerella. The asexual fructifications of this group are the usual Cerco- 
spota type. A hyphal ball develops within the tissue of the host, and the asco- 
gonium is produced in this tissue as in Etidostigme (figure 154, 5). Several asco¬ 
gonia are produced by some species within this ball of hyphae. The example 
presented in figure 169 represents a type in which the ascogonium is a uni¬ 
nucleate single cell bearing a long slender trichogyne. The trichogyne not only 

extends through the hyphal ball, but ultimately reaches the outside through the 
epidermis of the host. 

Antheridia are not produced. In certain species such as Mycosphaerella 
f////>//e/w(Schw.) Higg., a parasite on the leavesof L//7We/7^//*o/?, the ascogonium 
must be fertilized, even though there are no antheridia! Copulation occurs be¬ 
tween the ascogonium and a microconidium. The microconidium attaches it¬ 
self to the trichogyne through which its nucleus migrates to the female nucleus 
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of the ascogonium (figure 169, 7). Mycosphaerella BoUeana (Thuem.) Speg., 
a parasite on Ficus Carica (Higgins, 1920), and Mycosphaerella cerasella Aderh., 
a species parasitizing cherry leaves (Jenkins, 1930), are examples of the forms 
in which the microconidia are functionless. The trichogyne of these species 
soon degenerates and the further development of the ascogonium proceeds 
apomictically. 

Ascogenous hyphae develop from the ascogonium and produce asci of the 
hook type. The loose ground tissue in the area of the developing asci is ab- 
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Fig. 169. Fertilization in Mycosphaerella tulipiferae (Schw.) Higg. I the end of the tricho- 
gyne t has become attached to a microconidium c and copulation is in progress, d degenerating 
nucleus of the trichogyne. 2 the male nucleus a migrating through the trichogyne into the asco¬ 
gonium asc. X 1330. (From Higgins, 1936.) 


Fig. 170. Section through a young pseudothecium of Mycosphaerella tulipiferae (Schw.) Higg. 
I the ascogonium is forming ascogenous hyphae. 2 cluster of young asci, the periphyses-like stro- 
matic threads in the neck of the pore are pushed away by the extending asci. x540. (From Hig¬ 
gins, 1936.) 


sorbed and contributes to the nutrition of the asci (figures 170 and 171). All 
asci within a fructification do not mature at the same time. Those in the center 
of the structure mature earlier than those near the periphery. The apex of the 
pseudothecium ruptures (figure 171). Ascus after ascus elongates and reaches 
through the pore to the outside and then discharges its ascospores as in Lepto- 

sphaeria (figure 159). 

The type of false sexuality in which the specialized microconidium ferti izes 
the ascogonium appears for the first time in the Mycosphaer ellaceae. Ouv 
knowledge of this phenomenon is too scanty to allow a satisfactory t eory 

of its evolutionary significance. 

The ancestors of the Mycosphaerellaceae probably originated at t e evo 
lutionary level of Neurospora, a genus to be discussed later. The ancestral 
probably possessed ambivalent conidia, that is, conidia which not only cou 
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germinate and reinfect the host, but which also could copulate during repro¬ 
duction. Evolutionary development eliminated the gene governing the vege¬ 
tative properties of these cells and only the copulating ability remained. This 
functional specialization of the microconidia has led to their becoming a type 
of specialized sex cell. 

The production of ambivalent conidia repeats a phenomenon which exists 
in the primitive fungi as well as in the simpler algae. The gametes of the Archi- 
mycetes, and of the simple algae, also are ambivalent in part, as they can ger- 



Eit;. 171. Section through a mature pseudothecium 
1 . 520. (Original drawing by A. von Akx.) 


of Mycosphacrella berberidis (Auersu.) 


minate vegetatively or copulate with a suitable partner. The purely vegetative 
behavior of these cells is lost ultimately, and only their copulative function re¬ 
mains. In other words, ambivalent zoospores become specialized gametes. 

The sexually specialized microconidia of the Mycosphaerellaceae are not 
homologous to true gametes, but rather are analogous to them. They are 
called spermatia, and the pycnidia which produce them are called spermogonia. 
The special type of fertilization in which they participate is called spermatization. 


Family 5. Dothideaceae 

If the ascogonia in a Dothioraceae-like stroma (figure 150) are not grouped 
*n one area, but are distributed through a hyphal layer, then several spatially 
separated fertile areas or conceptacles can develop. The fructification, or more 
properly the stroma, in such an instance is not a simple uniform structure as 
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in the Pseudosphaeriaceae and Mycosphaerellaceae, but consists of a group of 
fertile, penthecia-like portions. This type of fructification (figure 173, 7) could 
have been the evolutionary starting point of the family Dothideaceae. 

Cymadothea trijolii (Pers.) Wolf is a representative of the simpler stromatic 
type occurring in the Dothideaceae. This species is the cause of the common 
black spot disease of clover. The asexual stage has been described as the imper- 



Fi<;. 172. Pustule of conidiophores of Cymadothea trifoHi (Pers.) Wolf. Foot cells/are break¬ 
ing out from a small substomatal stroma, one or more of which will produce a conidiophore cp. 
c conidia. x 500. (From Wolf, 1935.) 



Fig. 173. Evolutionary series of conceptacles in the genus Botryosphaeria. / Botryosphaeria 
inflata C. and M. on the bark of a tree from Ceylon. 2~3 Botryosphaeria vtburni Cke. on the bran¬ 
ches of Viburnum. 4 Botryosphaeria mascarensis (Mont.) Sacc. on the bark of a tree from the 
Mascarenc Islands. 5 Botryosphaeria Bakeri Rehm on branches of a tree from the Philippine Islands, 
e epidermis or periderm of the host plant, x about 30. (From Theissen, 1916.) 
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feet Polythrincium trifolii Schm. and Kze. Another representative of the simpler 
stromatic type is Systremma ulmi (Schleich.) Th. and Syd., the causal agent of 
the wrinkled scab disease of the elm. 

Conidia are produced by characteristic conidiophores (figure 172) in Cyma- 
clothea. During the course of the vegetative development, stromatic primordia 
of fructifications are formed within which female copulation branches appear. 
In the genus Systremma, the conidial pustules merely enlarge. In Cymadothea 



Eig. 174. Section through a fertile stroma of Curcurhitaria elon^aia (Fr.) Cirev. on the branches 
of Hohinia. ^ 60. (From Welc h, 1926.) 


(.foNKS, 1930; Wolf, 1935), just 
as in Mycospfiaerella (figure 168), 
the trichogynes reach through the 
pore to the outside and are sper- 
matized by microconidia. In 5)^.s- 
tremma (Killian, 1920), on the 
other hand, the ascogonium does 
not possess a trichogyne, and 
consequently it is permanently 
imbedded in the hyphae where its 
development proceeds apomicti- 
cally. 

The conceptacles of the higher 
genera, such as Botryosphaeria 
and Plowrightia, exhibit a ten¬ 
dency to branch and to rise above 
the stroma as in Myrianglum (fig¬ 
ure 173). The conceptacles appa¬ 
rently possess a true wall and 
perithecia-like units attached to 
a common basal stroma (figure 
173, 5). The genus Curcurhitaria 



Fig. 175. Development of the stroma and con- 
ceptaclc of L<tsioholrys lonicerae Kze. / the sub¬ 
cutaneous mycelium is beginning to divide tangen¬ 
tially. 2 young stroma with setae or bristles sf. J-5 
a peripheral stromatic cell develops to form a con- 
ceptacle. x about 500. (From Killian, 1938.) 
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(figure 174) represents the terminal evolutionary stage attained by this series. 

A side line of the evolutionary sequence is evidenced by the genus Lasto- 
hotrys in which the basal stroma as well as the conceptacle has become mor¬ 
phologically individualized (Arnaud, 1925; Killian, 1938). 

In Lasiohotrys lonicerae Kze., a parasite on the leaves of various species of 
Lonicera^ the cells of the subcuticular mycelium divide tangentially and radially 
and form a round stromatic mass (figure 175, 2) which ruptures the cuticle of 

the host. A few of the peripheral 
cells go through a stage of re¬ 
newed division (figure 176) and 
produce several conceptacles or 
ascocarps of the Pleospora type 
(figure 153). Numerous somato- 
gamous copulations take place in 
the ascocarp. The details of the 
development of the asci are not 
known. The stroma dissolves and 
the conceptacles become separat¬ 
ed from the host leaf and fall to 
the earth. The stromatic tissue 
shrinks as the asci form and it is 
obvious that the developing asci are nourished by the nutritive materials which 
this tissue contains. A similar situation exists in regard to the sclerotia of 
Claviceps, a genus which will be described later. 

Family 6. Coryneliaceae 

If we visualize the elevated stroma of Botryosphaeria (figure 173, 4) as being 
laid down like sausages, we have the type of the usually tropical, parasitic or 
saprophytic Coryneliaceae (Fitzpatrick, 1920, 1942). In this family, the con¬ 
ceptacles are borne on long stalks or are flask-shaped (figure 177). They are 
grouped on a common basal stroma and usually dehisce along deep prede¬ 
termined lines. Very little is known concerning the life cycles of these species. 
However, in Caliciopsis pinea Peck, a form which grows on the bark of conifers, 
the ascogonia probably are spermatized (McCormack, 1936). 

7. Order Hemisphaeriales 

The Hemisphaeriales, like the Pseudosphaeriales, connect phylogenetically 
to the Myriangiales through the genus Plectodiscella (figure 145). The evolu¬ 
tionary advances attained by the order are indicated by the following charac¬ 
teristics: 



Fig. 176. Section through a stroma str of Lasio- 
hotrys lonicerae Kze. with bristles st and a concep¬ 
tacle con containing young asci A. x 250. (From 
Arnaud, 1925.) 
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1, The asci are arranged in a layer within the ground tissue. 

2. The epithecium forms a pore at its apex by the rupture of the tissue in 
accordance with a predetermined pattern. 

The Hemisphaeriales represent an evolu- 
tionary series parallel to the Pseudosphaeriales 

(figure 1). The fertile stroma of the Pseudo- HSiL I 

sphaeriales rounds up and forms a perithecia- 
like structure (figure 156), while in the Hemi- V |P|L\ 

sphaeriales the stroma forms an apothecia-like ■ -'Jj’ \ 

structure which is flat, cushion shaped, and 1 

asymmetrical. It is arched only on one side ^ ^ 

Most of the Hemisphaeriales are parasitic. 

Only two families will be described, the Stig- ^ ] 

mateaceae which are endoparasiles, and the w V|1 j [ 
Microthyriaceae which are mostly tropical -tl-3 


.j", > ^ ^ * 
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Microthyriaceae which are mostly 
asterinoid ectoparasites. 
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Family 1. Sti^mateaceae 

The family Stigmateaceae is well typified 
by Hormotheca Rohertiani (Fr.) v. H. ( Slig- 
matea Rohertiani Fr.) which is one of the best 
known members of the family. This species par¬ 
asitizes the leaves of Geranium Rohertianum L. 

The mycelium grows between the cuticle 
and the epidermis of the host and forms a firm 
skin-like layer as shown on the right and left 
edges of figure 178. The mycelium thickens to 
form a flat cushion through successive cellular 
divisions in the central portion. Several pairs 
of copulation branches appear within the tissue 
of the cushion. The morphology of the sexual 
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F iti. 177. Habit of the stroma 
of two species of Coryneliaceae grow¬ 
ing on the leaves of Pociocarpus. 
I Corynelia uberata Fr. 2 Tripospora 
tripos (Cke.) Lind. / x25; 2x11. 
(From Fitzpatrick, 1942.) 


organs is of the level of the Gymnoascaceae. 

Both sexual organs are single-celled and multinucleate. The ascogonium pos¬ 
sesses a characteristic fertilization structure; it enters into open connection 

with the other copulation branch and produces ascogenous hyphae (Killian, 
1922). 

The upper surface of the hyphal cushion becomes brown and chitinized. 
A papilla appears at the apex and later ruptures to form the pore. The asco- 
spores are expelled through the pore (figure 178). The surface layer extends at 
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the margin of the fructification into the subcutaneous mycelium. If viewed from 
above, the hyphae are seen to be radially curled and to form secondary centers 
of distribution (figure 180). 



Fig. 178. Section through a fructification of Hormotheca Robertiani (Fr.) v. H. x 340. (From 
Klebahn, 1918.) 



Fig. 179. Hormotheca Robertiani (Fr.) v. H. 
Sectional view of subcutaneous mycelium, which 
appears in the upper part of the figure. The my¬ 
celium is forming the upper layer of the fructifi¬ 
cation in the lower part of the figure, x 800. 
(From Klebahn, 1918.) 



Fig. 180. Hormotheca Robertiani (Fr.) 
V, H. Margin of the surface layer of the fruit- 
ing body. X about 400. (From Theissen and 


Svdow, 1917.) 


The development of the fructification may be delineated in the following 
simplified manner: A part of the subcutaneous mycelial layer arches upwar 
and the asci appear in the space provided thereby. This arching of the mycelium 
to provide space for the asci is called pycnosis, and the resultant fructification 
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is called a pycnothecium. The pycnothecium, strictly speaking, is only the upper 
half of a typical ascomycetous fructification, and this is the significance of the 
name Hemisphaeriales. 


Family 2. Microthyriaceae 

The Microthyriaceae (Stevens and Ryan, 1939) exhibit the purest type of 
the asterinoid habit and this family has been the basis for the concept of the 
asterinoid forms of fungi. The brown aerial mycelium produces hyphopodia 



Fig. 181. Asterinoid myceliLim of Aslerina trium- 
feiiae (Am.) Slew, with expanding ascostroma. i,' genera¬ 
tive hyphae. 250. (From Aknaui>, 1918.) 




Fig. 182. I vertical section 
growing on the leaf of Castatiea. 
(From Arnaui). 1918.) 


of young Iruciilication of Microlhyrium microscopicmn Desm. 
2 horizontal section through the immature fructihcalion. x 250. 


and stomatopodia just as in the parallel family, the Meliolaceae. The primorida 
of the fructification develop either as the result of the cellular division of 
these hold-fast organs, or more commonly from the division of any of the re¬ 
maining hyphal cells (Ryan, 1926). 

In either case, however, the mother cell repeatedly divides and produces 
a small, flat, disk-like tissue (figure 182). The further centrifugal expansion of 
this tissue imparts a definite radial structure to the fructification. The details 
of the development of the fructification are not known, but they probably re¬ 
semble those of Hormotheca. The radially formed mat develops close to the 
surface of the host leaf, beneath the main mass of vegetative hyphae. Finally, 
the central portion of the fruiting disk arches away from the leaf to form a 
hemispherical cap. The mother hyphae, the so-called generative hyphae, are torn 
loose (figure 181, 2) and the cover then ruptures. The opening provided thereby 
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may enlarge by the disintegration of the hyphal cells. The term thyriothecium 
has been applied to this type of fructification. The asci arise in loculi. The 
orientation of the fructification, or thyriothecium, is governed by the host leaf 
and not by the mycelium itself. The generative hyphae, therefore, hang down¬ 
ward showing that the structure is inverted, that is, the morphological base 
actually appears at the top! 

If we survey the characteristics of the entire group of Ascoloculares, the two 
following lines of evolutionary development become apparent: 

1. The morphological development of the sexual organs remains at about 
the same level as that of the ancestral group, the Plectascales. The same deca¬ 
dence of sexuality appears in both groups, but a new type of false sexuality 
appears in the Ascoloculares, the spermatization of the ascogonium by speci¬ 
alized conidia called spermatia. The spermatia have lost their vegetative func¬ 
tion and have assumed secondarily the function of male sex cells. 

2. The fructifications, or the pseudoparenchymatous hyphal layer regarded 
as the fruiting body, undergo many modifications. In the Perisporiales and 
Pseudosphaeriales, they are spherical in shape, in the Myriangiales they are 
tentacle-like, and in the Hemisphaeriales they are shield-like. But in spite of 
these extensive variations in type, the fructifications represent a low level of 
development and are considerably below the level attained by the highly differ¬ 
entiated stromata appearing in the Sphaeriales, the next order to be described. 

8. Order Sphaeriales 

The Sphaeriales, in the sense of Miller, 1928, and Nannfeldt, 1932, pro¬ 
duce a definitely ascohymenial type of fructification. The several orders pos¬ 
sessing this feature are grouped together as the Ascohymeniales. The asci are 
produced in organized palisade-like layers in the predetermined cavities of the 
fructification. Sterile hyphae, or paraphyses, often grow from the hymenium 
and between the asci and lie side by side with them. The paraphyses, therefore, 
represent newly produced hyphae which are free at their tips. These paraphyses 
differ from the paraphysoides of the Ascoloculares which, strictly speaking, 
represent fragments of the pre-existing stroma and typically are continuous 
with the ground tissue of both the base and apex of the fruiting body (figure 
155, 3). 

We meet the classical Pyrenomycetes within the Ascohymeniales, whose 
fructifications are flask-shaped perithecia with a predetermined opening or 
ostiole (figure 191). Structural provisions for the production of the ostiole are 
apparent already in the primordia of the fructifications, and hence the origin 
of the ostiole is different fundamentally from that of the pore of the Ascolo¬ 
culares which develops only when the ascospores are mature, and then only by 
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macrospora Auersw. The ascogonium regularly copulates with an ordinary 
vegetative hypha (Dengler, 1937). 

Stage 3. Spermatization: Normal ascogonia are still present at this level of 
deuterogamy, but the antheridia are lacking. Just as in Mycosphaerella (fig¬ 
ure 169), the male nucleus is furnished to the female organ of fertilization, the 
trichogyne, by specialized conidia, or spermatia. 



Ficj. 185. Spermatization in Bombardia lunata Zckl. / phialide (spermogonium) with endo> 
conidia. 2 the ascogonium use of strain B surrounded with a ball of hyphae, the trichogyne / has 
become attached to a discharging phialide of strain A. 3 the trichogyne is approaching a phialide 
which is yet undifferentiated, h hull hyphae. I xabout 1200; 2~3 xaboutbOO. (From Zeckler, 
1937.) 

The ascospores of Bombardia lunata Zckl. (Zickler, 1934, 1947; Ryan, 
1943) produce either A or B mycelium. Both strains produce ascogonia of the 
Thielavia type (figure 110) and endoconidia (figures 184 and 185), but each of 
these types of mycelium is self-sterile. The long thread-like multicellular tricho¬ 
gyne may grow toward an endoconidium of the opposite strain and copulate 
with it, or seek a phialide which is discharging its endoconidia (figure 185, 2), 
or copulate somatogamously with an immature sporogenous hyphal branch 
(figure 185, i). The male nucleus obviously need not be furnished by an endo¬ 
conidium, since the nucleus of a hyphal branch may take its place in the sexual 
process. 

The situation described above exists also for mycelial clones of Sordaria 
anserina (Ces.) Wint. [ = Pleurage anserina (Ces.) Ktze. = Podospora anserina 


12 Gaumann 
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Niessl.] which develop from uninucleate ascospores (Arnes, 1930, 1932, 1934’ 
Dowding, 1931; Dodge, 1936; Rizet, 1941, 1942). Endoconidia also are 
produced which are able to copulate with the elongated multicellular tricho- 
gynes of the opposite, sexually compatible strain. If spermatization does not 
occur, the ascogonium may put forth as many as fifty fertilization hyphae. It 
IS apparent not only that the origin of the male nucleus has become labile, but 



Fig. 186, Ascogonium of Sordaria anserina (Ces.) Wint. not yet spcrmatized; numerous fer¬ 
tilization hyphae r have been produced by the ascogonium which is buried within the hyphal ball. 
g mother hyphae or ascogoniophore. xabout400. (From Ames, 1934.) 

also that the place of fertilization varies. An especially designed trichogyne is 
not necessary since other outgrowths of the ascogonium may function as the 
organ of copulation. 

Stage 4. Dikaryotization: The type of degenerate sexuality represented by 
dikaryotization is met for the first time in the family Sordariaceae. Neurospora 
sitophila (Mont.) Shear and Dodge (1927), one of the orange-colored fungi 
growing on bread, furnishes an example of this interesting type of sexuality. 
The literature describing this species is voluminous and often contradictory, 
but it is now possible to describe its life cycle with a fair degree of accuracy 
(Dodge, 1927, 1928, 1930, 1932, 1935, 1936, 1946; Backus, 1939; Aronescu, 
1933; Kohler, 1930; Moreau, 1939; Moreau and Moruzi, 1936; Moruzi, 
1932; Sansome, 1946; Schonefeldt, 1935; Whitehouse, 1942; Wilcox, 
1928; WuLKER, 1935). 

Neurospora sitophila (Mont.) Shear and Dodge produces eight uninucleate 
ascospores in each ascus, four of which produce the A strain and four produce 
the B strain of mycelia. The cells of these myceliaaremultinucleate. Potentially, 
these mycelia are hermaphroditic, but physiologically they are self-sterile and 
represent, therefore, a low type of heterothallism as in the genus Bombardia. 
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The perithecia are produced by coiled ascogonia, the individual cells of 
which are multinucleate. Side branches from the mother cell and from the 
mother hypha enclose the ascogonium, and ultimately develop a pseudoparen- 
chymatous hyphal ball. True trichogynes are lacking, but the upper cells of 
the ascogonium produce hyphae with one or more cross walls. This extension 
of the ascogonium reaches through the hyphal ball and serves as the organ of 
copulation (figure 187, 1 and 4). The external part of this copulation hypha is 
branched and may attain a length of two millimeters. Since this structure ex¬ 
hibits a special physiological affinity for the mycelium of the sexually opposite 
strain, it corresponds in the functional sense to the trichogyne. Usually the 
extruding copulation hypha may be distinguished from the vegetative hyphae of 
the hyphal ball by its smaller diameter and more fragile appearance. 

The type of specialization of the individual clones determines whether they 
produce not only ascogonia, but also uninucleate microconidia, multinucleate 
macroconidia, both of these types of conidia, or none at all. 

The microconidia develop endogenously and are from one to two microns 
in length (figure 184). Those of both strains are identical in appearance; con¬ 
sequently such differences as exist between the A and B strains may not be 
detected by observation. A study of the mycelium produced by each of the 
eight ascospores in a single ascus shows that the segregation of the genetic fac¬ 
tors governing the production of microconidia is independent of the factors 
determining the A and B strains. Obviously the male-like behavior of the micro¬ 
conidia is not a genetically predetermined characteristic as might be assumed 
from their being called spermatia. In fact, they are not specialized sexual cells 
at all. They are truly conidial in character and are able to germinate independ¬ 
ently and produce mycelia. 

The macroconidia develop in chains of the Monilia type (figure 269), and 
masses of them are orange in color. The diameter of these conidia is from 10 
to 12 microns. Like the microconidia, they germinate without difficulty on 
appropriate nutrient media and produce new mycelia. 

If microconidia, macroconidia, or ascospores are placed in the immediate 
vicinity of an immature hyphal ball containing the primordia of the fructifica¬ 
tion, the conidia of the opposite strain cooperate with the primordia of the 
fructification to produce the perithecium. This process of dikaryotization is 
illustrated in figure 187, L Probably, inhibiting substances diffusing from a 
mycelium prevent the germination of neighboring conidia of the opposite strain. 
If, however, a copulation hypha is in the vicinity, it grows toward the conidium 
and copulates with it. The tip of the copulation hypha enlarges to several limes 
its original size, its membrane-like wall opens, and a large part of the contents 
of the conidium enters (figure 187, 2-i). The conidial nuclei rapidly migrate 
through the copulation hypha. The development of the perithecium begins 
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after ) 2 to 15 hours. Ordinarily, the copulation of a hyphal branch with a single 
conidium is not sufficient to initiate the development of the perithecium. Copu¬ 
lation with 4 or 5 conidia is necessary before this process can begin. 

If conidia are placed at some distance from the hyphae of the opposite strain 
on a suitable nutrient medium, they undergo normal germination but growth 



Fig. 187. Dikaryotization in Neurospora sitophila (Mont.) Shear and Dodge. I the asco- 
gonium asc lies within the hyphal ball and it has produced four fertilization hyphae r, one of which 
has copulated with a macroconidium c of the Monilia type. 2-3 stages in the fusion of a copulation 
hypha with a macroconidium. 4 a copulation hypha fusing with the germination tube of a macro¬ 
conidium at/. / xI35; 2-3 x500; 4 xI20. (From Backus. 1939.) 

ceases when the other mycelium approaches. The copulation tube of the ap¬ 
proaching mycelium finally contacts the suppressed germination tube of the 
conidium and somatogamous copulation takes place (figure 187, 4). Unger¬ 
minated conidia in the vicinity are unable to proceed with their development. 

The same type of somatogamous copulation also can occur between the 
copulation hypha and any other mature hypha of the opposite strain as the 
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presence of the germination tube of the conidium is not essential for the process. 
It is only necessary that the opposite strains be brought together. 

The sexual process of this species may be even more decadent in some 
instances than that described above. For instance, somatogamous copulations 
may occur without involving the copulation hypha or the ascogonial cell. Purely 
somatogamous copulation then occurs between vegetative hyphac of opposite 
strains, in the absence of an ascogonium. The hyphae sooner or later form a 
coil which produces the primordium of the fructification (figure 188) which in 
turn produces ascogonia and ascogenous hyphae. 

The extraordinarily varied sexual phenomena exhibited by Neurospora sito- 
phila (Mont.) Shear and Dodge may be summarized as follows. 



Fig. 188. Copulated hyphae of Neurospora siiopliila (Mont.) Shear and Dodge coiling to forin 
the primordium of a perithecium. xl250. (From Schonffeldt, 1935.) 

1. The male sexual organs, the antheridia, are abortive as in Bomhardia. 
The female sexual organs, the ascogonia, also are more or less degenerate as 
they do not develop trichogynes. The trichogynes are replaced functionally by 
partially vegetative cells produced by the ascogonium and serving as copulation 
organs. These hyphae possess a special affinity for hyphae of the sexually oppo¬ 
site strain, arbitrarily termed the male component of the sexual pair. 

2. The ascogonia, however, retain their essential function since the ascogen¬ 
ous hyphae and asci originate from them. 

3. The ascogonia do not require specifically male nuclei for their fertiliza¬ 
tion. The copulation hypha replaces the trichogyne. In principle, any vegeta¬ 
tive cell of the proper strain may provide the male nucleus by somatogamous 
copulation. 

4. Not only can any cell of the female thallus accept male nuclei and con¬ 
tinue the life cycle, but these nuclei may be furnished by any cell of the male 
thallus. For example, the nuclei of the microconidia, the macroconidia, the 
germination tube of the conidia, the ascospores, and of the vegetative hyphae 



182 


CLASS III • ASCOMYCETES—ORDER 8 • SPHAERIALES 


are equally acceptable. In other words, any female cell can accept male nuclei 

and any male cell can furnish them. Sexual copulation no longer is specific in 
character. 

5. InNeurospora, copulation does not unconditionally initiate the immediate 
development of the fructification. Copulation only furnishes the male nuclei. 
The process cannot be said to be equivalent to fertilization, even though it may 
be regarded as sexual in character. The actual fusion of the nuclei occurs later 

in the ascogonium. This new type of degenerate sexuality is termed dikaryo- 
tization. 

6. After dikaryotization has been accomplished in Neurospora^ two unequal 
phases of development occur with respect to the mutual behavior of the male 
and female nuclei. The simultaneous occurrence of both types of nuclei in the 
hyphal cells before the appearance of the ascogonium is not specific, and cor¬ 
responds to ordinary heterokaryosis. The passage of the nuclear pair through 
the ascogonium permits it to become specifically a dikaryon. After the asco¬ 
gonium has formed, both nuclei are physiologically alike and are localized in 
specific organs—the ascogenous hyphae. 

7. The sexual function of the conidia of Neurospora is secondary, as they 
are pre-eminently asexual reproductive units adapted to vegetative propagation. 
Only a very few of the millions produced become involved in the sexual process. 
To designate these ambivalent conidia as specialized sexual cells, or spermatia, 
only further confuses a complicated picture because the sexual character of 
their nuclei differs in no way from that of the nuclei of the ascospores and of 
the vegetative cells, provided, of course, that they are of the strain opposite to 
that of the female thallus. 

Stage 5. Apandrous development of the ascogonia: Although spermatization 
and dikaryotization permit the nuclei of another individual to act in some 
manner as the male component in the fertilization process, even this vestigal 
type of sexuality does not occur at this evolutionary stage. The development 
of the fructification is completely autonomous and no second individual is in¬ 
volved. The autonomous development of the fructification is described as being 
apandrous, from the word apandry signifying the loss of function of the male 
organ. 

Spontaneous heterokaryosis furnishes the basis for the apandrous develop¬ 
ment of the fructifications of Neurospora tetrasperma Shear and Dodge (Colson, 
1934; Cutter, 1946; Dodge, 1927, 1928, 1942; Dodge and Shaver, 1938; 
Shear and Dodge, 1927) and of Sordaria anserina (Ces.) Wint. The third stage 
of reductional division in the ascus, during which the A and B nuclei would 
become segregated, usually does not occur. Consequently, only four binucleate 
ascospores are produced in each ascus. Each ascospore contains one A and 
one B nucleus. The mycelia produced by these ascospores are mixed, that is. 
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their cells contain the nuclei of both A and B strains. Rarely, one of the bi- 
nucleate ascospores will complete the third reductional division, in which case 
the ascospores are uninucleate and germinate to produce either A or B thalli. 
The mixed mycelia of Neurospora sitophila (Mont.) Shear and Dodge produce 
both microconidia and macroconidia, but only microconidia are produced by 
Sordaria anserina (Ces.) Wint. 

As in Neurospora sitophila (Mont.) Shear and Dodge, the ascogonium does 
not produce a trichogyne. Since the cells contain nuclei of both the A and B 
type, and therefore are karyologically neutral, copulation hyphae are not pro¬ 
duced and the development proceeds autonomously. The development prob¬ 
ably is controlled by protoplasmic hormones which are present even though no 
copulation has occurred. 



FiCi. 189. Diagrammatic representation of somatogamous copulation between two homo- 
karyotic strains of Neurospora letrasperma Shear and D. (From Dodge, 1935.) 

If, on the other hand, two mycelial clones of opposite strains are brought 
together which have developed from the rarely uninucleate ascospores or from 
homokaryotic (homogenous nuclei) conidia, then the development proceeds as 
in Neurospora sitophila (Mont.) Shear and Dodge. The unneutral ascogonial 
cells then produce copulation hyphae and undergo dikarotization by copulation 
with macroconidia, microconidia, or ordinary vegetative hyphal cells of the 
opposite strain. Dikaryotization also may result from the somatogamous fusion 
of vegetative hyphal cells (figure 189) during which the nucleus of one strain 
migrates extensively through the hyphae of the opposite strain until a suitable 
partner is found. A similar process occurs in Typhula trifolii Rostr., a repre- 
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sentative of the Basidiomycetes. This migration of the nucleus is facilitated by 
pores in the cell walls. 

The apandrous development of the clones of Neurospora tetrasperma Shear 
and Dodge and Sordaria anserina (Ces.) Wint. depends on special cytological 
conditions. Specifically, it depends on spontaneous heterokaryosis as the result 
of the suppression of the third nuclear division within the ascus. 

Apandrous development of solitary or isolated ascogonia of Melanospora 
Mangini Vincens (1917), of Melanospora zamiae Cda. (Cookson, 1928), and of 
Sordaria uvicola Viala and Mars. (Dengler, 1937) also has been observed, but 
the cytological details of the process are not known. 

Stage 6. Somatogamy: The last possible stage 
of deuterogamy in the family Sordariaceae is illus¬ 
trated by an especially interesting intermediate spe¬ 
cies, Sordaria Brefeldii Zopf (Dengler, 1937). Asco¬ 
gonia are present but are functionless, and they no 
longer initiate the development of the fructification. 
Copulation occurs somatogamously between two 
hyphae at any place in the mycelium. The perithecia 
develop independently of the formation of ascogonia 
(figure 190). 

Finally, Gelasinospora tetrasperma Dowding 
(1933) is heterokaryotic with respect to the A and 
B characteristics, just as is Neurospora tetrasperma 
Shear and Dodge, and these forms therefore ap¬ 
proach the homothallic condition. The ascogonia 
are abortive. If, however, the unisexual thalli of 
opposite strains produced from the smaller uninucleate ascospores are brought 
in contact with each other, somatogamous copulation occurs between their hy- 
phal cells (Cayley, 1931; Campbell, 1937; Dodge, 1937, 1942) and the pro¬ 
duction of perithecia results. Once the nucleus of a copulating cell enters the 
cell of the opposite strain, it migrates extensively through the hyphae. Actual 
velocities of this migration have been measured, and values from 1.1 x K)-^ 
to 1.4 X 01“^ centimeters per second have been recorded. These velocities are of 
the same general magnitude as those reported for the migration of ions during 
cataphoresis. The motive force causing the movement of the nucleus may be 
regarded as a forward impelling attraction generated by the lower surface ten¬ 
sion of the posterior end (Dowding and Buller, 1940; Gaumann, 1941). 

The six evolutionary stages described above show a progressive decadence 
of sexuality in the Sordariaceae which is evidenced by the lack of specificity 
in the origin of the male nuclei. Even within a single genus, the male nuclei 
may be furnished by different types of cells. The development of the fructifica- 



Fig. 190. Somatogamous 
copulation and the beginning 
of the formation of the fructi¬ 
fication in Sordaria Brefeldii 
Zopf. X about 400. (From 
Dengler, 1937.) 
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lions themselves, on the other hand, follow the conventional course typical of 
the family. However, the ascospores may exhibit specific and various charac¬ 
teristics (figures 192 and 193). All of the ascospores are ejected at the same 
lime. One ascus after another extends through the osliole and ejaculates its 
ascospores in a ball held together by appendages (figure 193) on the spores. 
The empty ascus is then withdrawn and another ascus takes its place in the 
ostiole (iNGOLD, 1933, 1939). In a few genera, the appendage of the uppermost 
ascospore is attached to a translucent body which glistens within the apex of 

the ascus. 



Fig. 191. Section through the 
pcrilhecium of the Sordaria type. 
o ostiole. w perithecial wall. A 
asci containing ascospores. par 
paraphyses. per periphyses. x 260. 
(Modified from Gwynne-Vaug- 
HAN and Barnes, 1937.) 



Fig. 192. Delayed development of the ascospores. 
/ multispored ascus of Sordaria coeruleoiecta Rehm, whose 
ascospores are beginning to enlarge at their upper ends. The 
upper ends later will be separated from the lower narrow 
portions with cross walls. 2 mature ascospores with their 
stalk cells st. 3 ascospore of Sordaria anserina (Ges.) Wint., 
whose stalk cell st has been changed to a gelatinous append¬ 
age, the upper appendage originates in the epiplasm. / -2 
X 830; 3 X about 1100. (/-2 from Sax, 1918; 3 from Cain, 
1934.) 


Family 2, Hypocreaceae 

The family Hypocreaceae includes those members of the older order Hypo- 
creales remaining after certain forms have been relegated to the Clavicipitales 
and others to the Pseudosphaeriales. This family is related to the Sordariaceae 
and it includes those types whose perithecia are imbedded in a thick stromatic 
ground layer. 

Neurospora also possesses a stroma within which the primordia of the asco- 
gonia are produced (figure 187, 7). In the Hypocreaceae, the stroma progress¬ 
ively increases in importance. When young, it produces conidia, but when 
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FiCi. 193. The development of the ascospores of Sordaria zygospora Speg. / young ascus 
containing a synkaryon. 2 ascus containing eight immature ascospores. 3 the ascospores have 
developed into septate threads. 4 the ends of the ascospore threads have enlarged. 5 nearly mature 
ascospores, each of which consists of three parts. 6 mature ascospore with its gelatinous appendage. 
!-5 x590; 6 x about 1100. {1-5 from Lewis, 19! I; 6 from Cain, 1934.) 



sexual maturity has been attained, asco- 
gonia are produced within its tissue. The 
pseudoparenchymatous hyphae grow over 
the stroma, but a schizogenous opening 
remains. The hyphae which border the 
opening grow outward into the neck of 
the opening (figure 195). The opening is 
enclosed, not with stromatic tissue as in 
the stromatic Ascoloculares, but usually 
with the leathery teeth of the perithecial 
wall (figure 195). 

In the simpler forms, for example those 
of the Nectria-Hypomyces group, the 
ground tissue is differentiated only slightly. 
The perithecia often are brightly colored. 


Fig. 194. Branch of a deciduous tree bearing 
sporodochia sp, and groups of perithecia p of Nec^ 
tria cinnabarina Tode. x about 5. (From Tulasnf 
1865.) 
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The conspicuous pseudoparenchymatous base of the perithecium, the so-called 
subiculum (figure 195, 5), often is well developed and may produce a cluster 
of perithecia (figure 194,/?) if the substratum and nutritional conditions are 



Fig. 195. Diagrammatic section through the fructification of a representative of the Ncctria- 
Hypomyces group, w leathery perithecial wall, o ostiole with periphyses per. A asci. par para- 
physes. .v/r colored pseudoparenchymatous residue of the stroma which grades into the subiculum S 
at its base, x about 100. 



Fi(i. 196. Habit of the perithecia-bearing stromata of Hypocrea delicatnla Tul. Natural size. 
(From Tui.asne, in Gaumann, 1926.) 


favorable. Antheridia are lacking in this group. In Hypomyces ipomoeae (Hals.) 
Wr., the ascogonia are spermatized by the conidia of the opposite strain 
(Dimock, 1937). On the other hand, in Thyronectria (= Pleonectria) clenigrata 
(Wint.) Seav. (Lieneman, 1938), in Nectria flava Bon. (Gilles, 1947) and in 
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SphaerostUhe aurantiicola (B. and Br.) Fetch (Lutrell, 1944), the trichogynes 

arc lacking and the development of the ascogonia occurs in some unknown 
manner. 

The stroma exhibits a characteristic structure in the higher genera. It is 
still cushion-like in Hypocrea delicatula Tul. (figure 196), but in Hypocrea rufa 
(Pers.) Tul. (figure 197) the stroma is borne on a stipe or foot and is differentiated 
into a sterile and a fertile part. The stroma is club-shaped and is differentiated 
into a terminal fertile portion in Hypocrea alutacea (Pers.) Tul. (figure 198). 



Fig. 197. Sections through perithecia-bearing stromata of Hypocrea rufa (Pers.) Tul. / weakly 
developed stroma. 2 strongly developed stroma. 3 habit of fertile stromata. 1-2 x about 3; 3 na¬ 
tural size. (From Tulasne, in Gaumann, 1926.) 


In the Brazilian species, Mycocitrus aurantium Moell. (figure 199), the stroma 
becomes a golden-yellow ball which may attain a diameter as great as 12 centi¬ 
meters, hence the specific name aurantium which signifies that it looks like an 
orange. The upper surface of this structure may produce as many as one 
million perithecia. When a layer of perithecia has matured and has discharged 
its ascospores, another layer of stromatic tissue covers the surface and another 
fertile layer develops. This process continues until countless millions of asco¬ 
spores have been produced. 

The asexual fructifications of the family Hypocreaceae, especially those of 
the Nectria-Hypomyces group, are exceptionally well developed. 

In Nectria the ascospores are two-celled, in the related genera Gibberella 
and Calonectria the ascospores are three-celled and multicellular, and in Thyro- 
nectria (= Pleonectrid) the ascospores are reticulated and septate. All form 
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gemmae in their hyphae and produce large numbers of single-celled micro- 
conidia (figure 200) or several-celled sickle-shaped macroconidia (figure 201) 
on their surfaces or in cavities in their stromata. The macroconidial stages have 



Fig. 198. Perithecia of Hypocrea alutacea 
(Pers.)Tul. / habit. 2 longitudinal section through 
the perithecia-bearing stroma. I natural size; 
2 X about 3. (From Tulasne, in Gaumann, 1926.) 



Fig. 199. Perithecia-bearing stroma of 
Mycocitrus auranJium Moell. growing on a 
shoot of bamboo. One-half natural size. 
(From Moller, in Gaumann, 1926.) 





Fig. 200. Section through the stroma of Thyronectria denigrata (Wint.) Seav. which is pro 
ducing microconidia. x300. (From Lienemann, 1938.) 


been classified as the imperfect genus Fusarium (Wollenweber and Reinking, 
1935). The microconidia and macroconidia represent two extremes of the same 
spore type and there are intermediate forms which grade from one to the other. 
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However, one or the other type predominates depending on nutritional con¬ 
ditions. These conidia may be imbedded in slimy masses called pionnotes. The 
mother hyphae which produce them may form coremia or flat cushion-like 
sporodochia. The asexually fruiting forms have been included in the imperfect 
genus Tubercularia (figure 194, sp). The stromata frequently embark on the 
production of perithecia after passing through a stage of conidia formation. 

Hypomyces usually produces colored gemmae composed of chlamydo- 
spores. This asexual stage is classified as the imperfect genus Mycogone (figure 
202, /). Hyaline conidia of the Verticillium or Sporotrichum type also are pro¬ 
duced on conidiophores (figure 202, 2). 



Fig. 201. Macroconidia of Fusarium heterosporum 
Nees. x675. (From Wollenweber and Reinking. 1935.) 



Fig. 20^ Hypomyces rose/lits 
(Alb. and Schw.) Tul. i gemmae. 
2 conidiophores bearing conidia. / 
x260; 2x140. (From Zycha.M935.) 


The examples furnished by the genera Nectria and Hypomyces illustrate the 
problem of applying the term spermatia. In Nectria for example, the conidia 
are unable to participate in copulation with the ascogonia and therefore sper- 
matization cannot be said to occur. In Hypomyces, on the other hand, both 
possibilities exist because the conidia are ambivalent, and either can carry on 
their asexually reproductive function or can copulate with the ascogonia of the 
opposite strain. Millions of conidia are capable of cooperation in the sexual 
process but only a very few actually do so. The problem of termino ogy canno 
be solved, at least for the genera Hypomyces and Newospora, y ca ing e 
conidia spermatia merely because, potentially at least, they can copu ate wi 
a proper partner. Their ability to furnish the nuclei of the opposite strain for 
the sexual process in no way difers from the similar ability o t e nuc ei o e 

vegetative hyphal cells. ^ 
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Family 3. Polystigmataceae 

Polystigma and Phyllacliora (Petrak, 1924) are examples of the family 
Polystigmataeeae. The peritheeia of these genera are imbedded in a fleshy or 
eartilaginous stroma. Polystigma rubrum (Pers.) DC. will be deseribed as an 
example of the family (Blackman and Welsford, 1912; Nienburg, 1914; 

Moreau, 1930). 

The germinating ascospores of Polystigma nibrwn (Pens.) DC. infect the 
young leaves during early spring and after five or six weeks the hyphal layer 
has developed to such an extent that it completely fills the space between the 



E'k;. 203. Partlicnogamy in Polystigma rubrum (Pers.) DC . / coiled intertwined irichogynless 
ascogonia. 2 the pore has formed in the cross wall between two ascogonia. 3 one nucleus of the 
■‘male” cell has entered the “female” cell, x 860. (From Nienburg, 1914.) 


upper and lower epidermis of the host. By the middle of the summer, the stroma 
has produced a reddish or golden-colored cartilaginous mycelium. Pycnidia 
containing hook-shaped pycnospores appear first within this stroma, but later, 
in July or August, coiled ascogonia also appear. The ascogonia do not possess 

trichogynes and antheridia are lacking. 

Copulation occurs late in the season, usually in December, after the dead 
leaves have fallen to the ground. Two sister cells of the ascogonium copulate 
by means of a pore which develops in the wall between them (figure 203, 2), 
One cell is female and uninucleate, while the other may be regarded as male 
and is multinucleate. One male nucleus migrates through the pore and forms 
a dikaryon in the female cell (figure 203, 3). The further development of the 
ascogenous hyphae and the perithecium proceeds in the conventional manner. 

This type of degenerate sexuality in which copulation occurs between two 
ascogonial sister cells produced by a single female copulation branch is termed 
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parthcnogamy. Plasmogamy and karyogamy occur but no new parental strain 
is involved. The process involves only a genetic recombination of the factors 
of a single parent. 

Family 4. Diatrypaceae 

The family Diatrypaceae includes bark-inhabiting forms whose stromata 
usually are only weakly elevated over the surface of the substrata. This feature 
is in contrast to the next highest family, the Xylariaceae, in which the stromata 
develop independently of the substrata. 

The initially parasitic, then saprophytic species Diatrypedisciformis (Hoffm.) 
Fr. on stems and branches of the beech, rarely of other trees, may be described 
as an example of this family (Ruhland, 1900). The hyphae spread between 
the periderm of the tree (figure 204, per) and its bark parenchyma (figure 204, 
rp) forming a flattened disk-like mycelium (figure 204, /). The ectostroma forms 
later and arches upward to a head (figure 204, /:), exerting a pressure on the 
periderm of the host. Ultimately a flat pustule of bark parenchyma is dis- 
cernable (figure 204, 2). Numerous conidiophores (figure 204, cp) are produced 
in the space thus provided and a mass of flesh-red, hyaline conidia are formed. 
The periderm finally ruptures and the conidia are released. 

When the production of conidia ceases, a deeper layer of the pseudoparen- 
chymatous hyphae resembling a definite stratum produces coiled trichogynless 
ascogonia (figure 204, asc) which lead to the development of the perithecia. 
In the family Diatrypaceae, this fertile layer is called the entostroma (figure 204, 
Sent). It consists mostly of a mixture of bark tissue and mycelium. The upper, 
conidia-producing layer of hyphae is called the ectostroma. 

The outermost part of the entostroma becomes a horny, sclerotic rind 
(figure 204, pi) through which the perithecia extrude. This layer is call(^ the 
discus or placodium. If it develops from the entostroma, as in the instance just 
described, the genera are said to be entoplacodial. If it develops from the ectos¬ 
troma, then the genera are said to be ectoplacodial. The contact between the 
ectostroma and entostroma is disturbed by the development of the placodium. 
The ectostroma falls away and the perithecia-bearing entostroma at maturity 

lies exposed in an opening of the periderm. 

Diatrype disciformis (Hoffm.) Fr. represents a form in which the stroma 

differentiates into two layers, an ectostroma between the periderm and the bark 
parenchyma, and an entostroma deeper within the bark parenchyma. This type 
of mycelium is termed diplostromatic. The ectostroma provides for the pro¬ 
duction of conidia and causes the rupture of the periderm. The entostroma 
causes the absorption of the bark parenchyma and produces the perithecia. 

There has been much confusion in the literature of the Sphaeriales because 
the development of the stromata of the Diatrypaceae type, as illustrated in 
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figure 204, only occurs under the proper physiological conditions. Sudden 
drying may terminate the development at an early stage as illustrated by / or 2 
in figure 204. The observer then may find only a sterile pseudoparenchyma 
which may not even possess conidiophores. On the other hand, the layers of 
ectostroma and entostroma may not be discernable because of an unusual 
resistance of the periderm to rupture or because of unfavorable growing con- 



Fig. 204. Development of the stroma of Diatrype disciformis (Hoffm.) Fr. Per periderm. 
rp bark parenchyma, k head, enr entostroma. ect ectostroma. pi placodium. cp conidiophores. 
asc ascogonia. P perithecia. Explanation in the text. 7, 3 x400; 2 x265; 4-5 x about 5. (From 
Ruhl.^nd, 1900.) 


ditions. Frequently therefore no actual layers are observed and no part of the 
stroma produces only conidia or only perithecia. The above description and 
the schematic presentation in figure 204 should be regarded as an ideal example 
which is rarely observed in nature. 


Family 5. Xylariaceae 

The family Xylariaceae is characterized by further advances in the indi¬ 
vidualization of the stroma. This individualization proceeds gradually in a 
sequence of forms until it attains generic and specific significance. The dry 
crust-like stromata of this family represent an evolutionary series parallel to 
the usually fleshy or cartilaginous Hypocreaceae. 


13 Gaumann 
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The scries begins, as in the Hypocreaceae, with morphologically simple 
in which the stromatic structures enclosing the perithecia are but weakly 




er?/' Per 

Fk). 205. Development of the stroma of Rosellima aquila (Fr.) de Not. on a branch of Car- 
pinu.s. In the upper figure, the ectostroma eci is producing numerous conidiophores cp which aic 
cutting olT conidia. The entostroma ent has produced two ascogonia asc; per periderm of the host. 
In the middle figure, the ectostroma has become a thick black layer which is arching upward over 
the young perithecia and the columnar expanding entostroma. The lower figure is the mature peri- 
thecium. w penthecial wall; the conidial layer r/j disappears. xaboutlOO. (From Miller, 1928.) 


developed and therefore were not recognized by mycologists for a long time. 
The genus Rosellinia (figure 205) illustrates a degree of development about equal 
to that of the Nectria-Hypomyces group (figure 195). 
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SEXUAL DEVELOPMENT IN THE XYLARIACEAE 

The development of the perithecia is initiated by a sexual process which is 
very labile (Greis, 1940). The multicellular and multinucleate ascogonia arc 



Eici. 206. Types of deuterogamy in Ro.sellinia reticulospora Greis. / normal gametangy. I he 
■jntheridium a is empty and its nuclei have migrated into the ascogonium asc to form dikaryons. 
2 transition to somatogamy. The unfertilized ascogonium has produced a copulation hypha /■ which 
is copulating with the ordinary vegetative hypha /. 3 autogamy. The nuclei within the ascogonia! 
cell have paired apomiclically. xabout 600. (From Grkis, 1940.) 



Fici. 207. Crust-like stroma of Usntlina vulgaris Tul. growing on decaying wood. Although 
the surface is producing conidia, the primordia of the perithecia already are forming within the 
tissue. x2. (From Tulasne, 1863.) 

imbedded in the stroma and are fertilized by normal gametangy by a single- 
celled multinucleate antheridium (figure 206, I). In other instances, the asco¬ 
gonia produce copulation hyphae which copulate with ordinary vegetative 
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hyphac (hgure 206, 2). In still other instances, the development of the as- 
cogoniiim proceeds apandrously by the autogamous pairing of its nuclei 



Fig. 208. Habit and section through the stromata of Hypoxylon coccineum Bull. The stroma 
at the extreme right is producing conidia, the one in the centre of the picture is more mature and 
has developed perithecia. x about 4. (From Tulasne, 1863.) 





Fig. 209. Stromata of Xylaria Hypoxylon Grev. 
Conidia are being produced in the younger part, al¬ 
though perithecia already are present in the older 
tissue. % natural size. (From Tulasne, 1863.) 


(figure 206, i). Copulation is not 
necessary for this latter type of 
deuterogamy because two nuclei 
within the multinucleate asco- 
gonium form the dikaryon apo- 
mictically. Autogamy occurs, 
like parthenogamy (figure 203), 
completely within the ascogonial 
cell, but plasmogamy obviously 
is not involved. In partheno¬ 
gamy, plasmogamy occurs bet¬ 
ween two ascogonial cells. 

At the evolutionary level re¬ 
presented by the Nummularia- 
UstuUna group, the stroma be¬ 
comes an independent black 
crust. Old trunks and stumps of 
deciduous trees may be covered 
with the outgrowths of Ustulina 
vulgaris Tu\. {figure 201). These 
structures often are of consider¬ 


able size and possess an undu¬ 
lating black surface. When young they may be weakly developed and covered 
with conidiophores. 

The stroma possesses a characteristic form in the genus Hypoxylon (Miller, 
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1928). For example, in Hypoxylon coccineum Bull, (figure 208) they are spheri¬ 
cal in shape. 

In the highest genera, as in Hypocrea^ the stroma differentiates into a sterile 


and a fertile part. In Xylaria (fig¬ 
ure 209) the stromatie tissue may 
become branched to form antler¬ 
like structures resembling those of 
the Clavariaceae in the Basidio- 
mycetes. In the tropical Thamno- 
mvces (figure 210) they are dicho- 
tomously branched. In Poronia 
(figure 211) the fertile part is ex¬ 
panded into a disk-like surface. 
All of these various types of stro¬ 
mata are brightly colored when 
young and are covered with coni- 
diophores. 

The development of the peri- 
thecia is initiated by spirally coil¬ 
ed, trichogynless ascogonia in 
those types which possess the most 
highly developed stromata. The 
production of the ascogonia leads 
to the formation of the perithecial 
wall on one side, and of asco- 
gcnous hyphae on the other. This 
development is typical of Ustulina 
Bulliardi Tul. (Varitchak, 1931), 
Hypoxylon coccineum Bull, and 
other species of this genus (Lupo, 
1922; Miller, 1929), and of Xy¬ 
laria polymorpha (Pers.) Grev. and 
its related species (Brown, 1913; 
Varitchak, 1931). Only in Po¬ 
ronia punctata Fr. is there a tricho- 
gyne which extends to the outside 
through the stroma (Dawson, 


Fig. 210. Stromata of Thamnomyies Chamissonis 
Ehrbg., growing on decaying wootl. natural size. 
(From Mollfr, 1901.) 


Fig. 211. Section through a periihecia-produc- 
ing stroma of Poronia punctata Fr., growing on horse 
manure, xabout 10. (From Tulasne, 1863.) 


1900). 

/ 

The most significant characteristics of the Sphaeriales are the nearly con¬ 
stant form of the perithecium and the extensive development of the independent 
stroma which is the ground tissue within which the perithecia are imbedded. 
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The abitiiy lo produce characteristically differentiated stromatic tissue does not 
exist in the parallel ascolocular series, the Pseudosphaeriales, but it appears 
a^ain in the Clavicipitales. 


9. Order Diaporthales 



Fig. 212. Apiognomonia veneta (Sacc. and 
Speg.) V. H. / asexual fructification or acervulus. 
2 sexual fructification or perithecium. / x 120; 
2 xl85. (From Klebahn, 1905.) 


In the Diaporthales, here de¬ 
fined to include also the Valsales 
(v. Hohnel, 1917; Wehmeyer, 
1926), the asci usually are borne 
on stalks, and together with the 
slimy disintegrating paraphyses 
completely fill the perithecial cavi¬ 
ty. Either the asci possess a cir¬ 
cular opening mechanism, the as- 
cus wall disintegrating to a slime 
with the exception of the ring 
which permits the ascospores and 
the slime to be extruded through 
the elongated neck of the perithe¬ 
cium, or the stalks of the asci 
degenerate to slime and permit 
the asci to be released through 
the neck of the perithecium. 

The Diaporthales, like the 
Sphaeriales, represent a series 
grading from those forms lacking 
a stroma (figure 213) to those 
forms which have a well deve¬ 


loped stroma in which the perithecia are imbedded (figure 213). The genera 
Diaporthe^ Endothia^ Valsa or Leucosloma 1933, 1941) are represen¬ 

tatives of the stromatic type and they form an evolutionary series parallel to 
that of the Diatrypaceae. Like the members of that family, their stromata 
ma> be differentiated into a conidia-producing ectostroma and a perithecia- 
producing entostroma. 

The sexual phenomena exhibit the usual types of deuterogamy. In Endothia 
parasitica (Murr.) And., the primordium of the perithecium develops from a 
trichogyne-bearing ascogonium (figure 214). Diaporthe perniciosa March (Cay¬ 
ley, 1931) is heterothallic and self-sterile, and its perithecia develop as the 
result of copulation. In Gnomonia leptostyla (Fr.) Ces. and de Not., the anther- 
idium and ascogonium intertwine and copulate (Likhite, 1926). In Apiogno¬ 
monia erythrostoma (Pers.) v. H., the antheridium is lacking and copulation 
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sterile layer, and in Balansia redundans Moell. (figure 219, 4), the fertile part 
becomes a stipitate head. 

The genus Claviceps terminates the second, or the Epichloe-Claviceps, evo¬ 
lutionary series. Claviceps retains the head-like structure of the fertile stroma 
which was first attained by Balansia redundans Moell., but the sterile part of 
the stroma becomes a tough, sclerotic and morphologically independent struc¬ 
ture. This highly developed sterile stroma carries on its own specific biological 
task of preserving the thallus through resting periods as long as several months. 



Fui. 219. Development of the fertile stromata in the genera Ophiudotis and Balansia. / Ophio- 
dolis Hennin^^siana Moell. on Andropogon. 2 Balansia Hypoxylon (Pk.) Atk. on Danthonia. 3 Ba¬ 
lansia ambiens Moell. on Olyra. 4 Balansia redundans Moell. on a grass culm. about 10. /. 3, 
4 from MoLLhR, 1901; 2 from Atkinson, 1905.) 


The highest representative of the group, Claviceps purpurea (Fr.) Tul., the 
source of the medicinally important ergot, infects the ovaries of grasses and 
especially those of rye. The mycelium penetrates the ovaries and changes them 
to dirty-white, furrowed pseudomorphs (figure 221). The pseudomorphs pro¬ 
duce innumerable small hyaline conidia (figure 221) imbedded in a sweetish 
liquid which drops from the infected spikelet. This asexually fruiting stage has 
been described as the imperfect Spliacelia segetum Lev. 

The asexual fructification enlarges to a pseudoparenchymatous mass of 
hyphae which ultimately becomes a dark-colored, horny sclerotium (figures 222 
and 223). The sclerotium elongates by the active intercalary growth of the my¬ 
celium within the spikelet. The sclerotia are called Secale cornutum, or ergot in 
the literature of pharmocology. The mature sclerotium falls to the ground where 
it overwinters. This structure germinates during the following spring and pro¬ 
duces a fertile stroma appearing as a cluster of heads borne on long stipes 
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(figure 224). A ring of perithecia is produced on the margin of the head. The 
development of the perithecium is initiated by gametangy between a trichogyn- 
less ascogonium and an antheridium (Vincens, 1917; Killian, 1919). 

The problem of overwintering, which usually is solved by the perithecia or 
by the stromata developed from them, or by the ascospores, is solved in Clavi- 
ceps purpurea (Fr.) Tul. by the sterile part of the stroma, that is, by the sclerotia. 



1 Z 3 4 5 


Fig. 220. The development of the sclerotia of C/aviceps purpurea (Fr.) Tul. 1 external view 
of a young rye ovary. The ovary is covered, except at the top, with the yellowish-white, branched 
conidia-producing mycelium of the parasite. At the apex may be seen the hairs of the ovary //, 
or the future beard. The withering stigma also is apparent. 2 longitudinal section through an in¬ 
fected ovary in the same stage as shown in /. The ovary is almost filled with conidia-producing 
mycelium K. At the bottom of the picture, may be seen the small primordium S which will later 
become the sclerotium. 3 the young sclerotium has developed further and the mycelial tissue K 
is closely packed. A fragment of the ovary may be seen at the apex F. 4 external view of the stage 
described in 3. The growing sclerotium is seen at the bottom of the picture. The center consists 
of the conidia-producing mycelium. The remaining fragment of the ovary, style, seed, and stamens 
are seen at the apex. 5 half-mature sclerotium which later will become the ergot or Secale cor- 
nutum. The conidia-producing hyphae are still recognizable in the deep furrows. /, 2, 4^ 5 x about 
15; 3 xabout 30. (From Tulasne, 1853, in Gaumann, 1946.) 


Therefore, this species can thrive in northern climates in spite of the ephemeral 
nature of its perithecia and ascospores, even though its mycelium is not per¬ 
ennial. 

All the representatives of the third, and last, evolutionary series are grouped 
together in the genus Cordyceps. These species are primarily parasitic types 
growing on insects or on fungal fructifications. The asexual fructifications are 
conidiophores of the Verticillium-Penicillium type. They are produced in clus- 
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ters or coremia. The stromata of the sexually reproductive mycelia vary from 
undifferentiated crusts (figure 225) to stipitate heads (figure 226), just as in the 

two series described above. 



Fig. 221. Ascxually fruiting mycelium of 
daviceps purpurea (Kr.) Tul. The enlarging 
pscudomorph is covered \Nilh the conidia-pro- 
ducing hymenium. x about 300. (From Tui.asn>, 
in liNCii.tR and Pkanii.) 



Fk;. 222. Head of rye bearing sclerotia of C/aviceps purpurea (Fr.) Tul. About 
(From Stoi-I- and Brack, in Gaumann, 1946.) 


natural size. 



Fig. 223. Section through a sclerotium of C/aviceps purpurea (Fr.) Tul. 1 the hyphae have 
lost their individuality in the peripheral layer so that the cells appear isodiametric and closely 
packed as in the tissue of the higher plants. They form a pseudoparenchymatous layer. 2 the hyphal 
elements are still a recognizable prosenchymatous tissue in the pith, c rind, x 360. (From v. Tavel, 
1892.) 
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Helical ascogonia have been observed in Cordyceps militaris (L.) Lk. (Vari- 
iciiAK, 1931) and in Cordyceps agariciformia {BoM.) Seav. (Jenkins, 1934), a 
species which parasitizes the fructifications of Elaphomyces. Antheridia are 



Fig. 224. Germinating sclerotium of 
CUiviceps purpurea (Fr.) Tul. with perithecia- 
producing heads. Natural size. Original pho¬ 
tograph by Photographic Institute E.T.H. 


Fig. 225. Habit of Cordyceps rhynchoticola 
Moell. on a dead aphid. x3. (From Moller, 
in Gaumann, 1926.) 




Fig. 226. Habit of Cordyceps. 1 Cordyceps militaris (L.) Lk. growing on a dead larva. 2 Cordy¬ 
ceps thyrsoides Moell. growing on a dead bumblebee. Slightly enlarged. (From Tulasne and 
Moller, in Gaumann, 1926.) 
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lacking and the development of the ascogonia proceeds apandrously. In Cordy- 
ceps agariciformia (Bolt.) Seav., the primary ascogenous hyphae form a pseudo- 
parenchymatous layer composed of binucleate cells at the base of the perithecial 
cavity. These later become typical secondary ascogenous hyphae. 

If we review the entire group of Pyrenomycetes, which includes the orders 
Sphaeriales, Diaporthales, and Clavicipitales, the two following important fea¬ 
tures become apparent: 

1. The sexual organs exhibit the same level of evolutionary development as 
do those of the Plectascales. The degeneration of sexuality proceeds further 
than in the Plectascales. Four new types of degenerate sexuality appear in the 
Pyrenomycetes, namely, spermatizalion, dikaryotization, parthenogamy, and 
autogamy. 

2. The perithecial fructifications have attained a stable structure although 
the stromata that produce them exhibit various degrees of modification and 
specialization. In the Hypocreaceae, Xylariaceae, and in certain examples of 
the Clavicipitales, the fructifications superficially resemble those of the Basidio- 
mycetes. In other members of the Clavicipitales, the sterile stroma becomes a 
sclerotium and its morphological and functional development proceeds inde¬ 
pendently of the fertile stromatic tissue. 


11. Order Pezizales 

In the Pezizales (Seaver, 1928; Corner, 1929; LeGal, 1947) we meet the 
classical Discomycetes, or those ascohymenial fungi whose fructifications are 
open when mature. 

The Discomycetes are grouped in two parallel evolutionary series depending 
on the type of the opening mechanism of the asci. In the operculate series, the 

tip of the ascus opens by a lid or operculum. This series is represented by the 

% 

order Pezizales. In the inoperculate series, represented by the order Helotiales, 
the ascus* merely ruptures at the tip. 

The operculate type, which furnishes the basis of our discussion of the Pezi¬ 
zales, is well illustrated by the ascus of Lachnea hemisphaerica (Wigg.) Gill. 
(Chadeeaud, 1942). The wall of the ascus consists of two layers (figure 121, 
c and /), of which the outer forms the lid, or operculum, at the tip of the ascus 
(figure 227, o). The somewhat coiled shape of the ascus sometimes causes the 
operculum to appear to be lateral instead of terminal. The inner layer of the 
ascus wall forms a flat cushion called the apical cushion just below the oper¬ 
culum (figure 227, k). A small funnel-shaped organ (figure 227, n) at the base 
of the apical cushion extends downward as a strand of cytoplasm along the side 
of the ascospores (figure 227, pi). This organ disintegrates and disappears as 
the ascospores mature, and its only function seems to be to cooperate in the 
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development of the apical structure of the ascus. The operculum opens along 
a predetermined line of dehiscence when the ascospores are mature, and thereby 
permits the ascospores to escape. 

The features of the fructifications furnish the basis of our recognition of 
three evolutionary stages attained by this order (figure 255). For the sake of 
simplicity, these three groups of forms are called families, although they form 
a more or less connected series. These families may be briefly described as 
follows: 




Fig. 228. Copulation branches of Ascodes- 
mis nigricans v. Tiegh. a antheridium. asc asco- 
gonium. t trichogyne. x865. (From Claussen, 
1905.) 


Fig. 227. Diagrammatic section through the apex of an ascus of Lachnea hemisphaerica 
(Wigg.) Gill, o operculum, v hinge attachment of the operculum, k apical cushion. // funnel. 
pi plasma strand. A ascospore. e outer layer of the wall of the ascus. / inner layer of the ascus 
wall. xaboutlOOO. (From Chadefaud, 1942.) 


1. Pyronemaceae. The apothecia are classically shield-shaped and usually 
less than one centimeter in diameter. 

2. Pezizaceae. The fructification is usually more than one centimeter in dia¬ 
meter and usually not borne on a stipe. When a stipe is produced, its develop¬ 
ment is not conspicuous. 

3. Helvellaceae. The fructification is large and borne on a definite stipe. 


Family 1. Pyronemaceae 

The Pyronemaceae, including also the older family Ascobolaceae, live sapro- 
phytically on animal excreta, decaying wood, and similar substrata. For ex¬ 
ample, Pyronema confluens (Pers.) Tul. grows almost everywhere, even on 
sterilized earth or in old charcoal pits. If asexual fructifications are formed at 
all, they usually are morphologically primitive in structure and consist of simple 
conidia, oidial chains, etc. The production of the more advanced types of 

conidiophores is rare. 
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Karyogamy thus is consummated. The hook bend becomes the ascus. In more 
complex examples, the bend grows into a new hook, and then into still another, 
so that temporarily a series of hooks is evident (figure 233, 9). Only the terminal 
hook produces an ascus. 

The nuclei of the hook tip and hook stalk fuse. Usually the nucleus of the 
stalk migrates into the hook tip (figure 233, 8). The resultant binucleate cell 





-O 



Fig. 236. Schematic representation of the development of a gymnocarpic apothecium. The 
ascogonium is indicated by the small circle. (From Corner, 1929.) 



Fig. 237. Schematic development of a hemiangiocarpic apothecium. The ascogonium is 
indicated by a small circle. The hyphal tissue over the young hymenium at e has disintegrated. 
(From Corner, 1929.) 



21 K 


CLASS III • ASCOMYCETES—ORDER 11 • PEZIZALES 


( f the hook lip produces a lateral branch, which itself bends to form a hook. 
This hook can form an ascus directly after the fusion of its pair of nuclei, or 
it may develop to form a transitory cluster of hooks (figure 233, 9). 

Meanw hile, sterile hyphae grow' from the stalk cell of the ascogonium, and 
together with ordinary vegetative hyphae, form a hyphal ball around the asco¬ 
gonium. The entire structure then may be regarded as an immature fructifi¬ 
cation. The initial stage, and the immediately following stages, in the produc¬ 
tion of the fructification depend on the female sexual organ, just as in the 
Plcctascales and in the Pyrenomycetes. 



Fig. 238. Schematic section through a sessile apothecium. use ascogonium. A asci. par para 
physes. hyp hypothecium. m medulla; cor cortex or rind. (From Corner. 1929.) 


In the simplest forms, represented by Ascodesmis nigricans v. Tiegh., the 
mature fructification consists of a loose undifferentiated hyphal ball. The Pyro- 
nemaceae, therefore, appear to join directly to the Gymnoascaceae, not only 
by the structure of their sexual organs, but also by the structure of their fruiting 
b odies. 


The fructifications of the higher forms typically are discoid, bowl-shaped, 
or receptacle-like apothecia (figure 238). These characteristic shapes are the 
basis of the general term Discomycetes which is frequently applied to the 
related orders, Pezizales and Helotiales. The fertile layer, as exemplified by 
F yronema confluens (Pers.) Tul., Ascobolus magnificus Dodge, and other species, 
is called the ascus hymenium or thecium. The thecium is free from the be¬ 
ginning because it is generated exogenously (figure 236). Fructifications of this 

type are described as gymnocarpous. 

The hymenium, or thecium, is generated endogenously within the hyphal 
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layer in forms exemplified by Ascobolus carbonarius Karst., Ascobolus citrinus 
Schw., Ascobolus furfuraceus Pers., Ascophanus carneus Pers., Humaria granu- 
lata Quel., and by many others. Fructifications of this type are described as 
angiocarpous. If they are made free later by the rupture of the upper layer of 
hyphae (figure 237), they are called hemiangiocarpous. 

The basal tissue, or the hy- 
pothecium (figure 238, byp), 
lies beneath the hymenium. 

The paraphyses originate di¬ 
rectly, and the asci indirectly, 
from this tissue. Sometimes 
the layer which bears the hy¬ 
menium, the so-called hymeno- 
phore, may be recognized by 
its more compact structure or 
darker color. In these cases, 
the taxonomic literature refers 
to the sub-hymenial layer as 
the excipulum. 

The lateral growth of the 
apothecium is due to the me¬ 
dullary layer (figure 238, m) 
which produces paraphyses 
from its inner side, and rind 
tissue, or cortex, on its outer 
side. In a few types, the para¬ 
physes spread over the apex of 
the asci to form a thin, brightly 
colored layer called the epithe- 
cium. This layer imparts the 
characteristic color to the fruc¬ 
tification when viewed from 
above. 

The asci develop a line of 
dehiscence around their tips 
which later delineates the lid 

described previously. During the ejaculation of the ascospores, the asci extrude 
upwards from the surface of the hymenium, their lids rupture, and the asco¬ 
spores escape. The ascospores usually are held together in a chain by a thread 
of cytoplasm. The ascus retreats toward the hymenium after its ascospores 
have been discharged (figure 239). 



•3SC h. 




Fig. 239. Section through a mature apothecium of 
Ascobolus furfuraceus Pers. Two mature asci have 
extended above the hymenium and their phototropic re¬ 
sponse has caused them to bend toward the light. A., 
empty asci with opened lids. A numerous young growing 
asci. e slimy layer produced by the disintegration of the 
epihymenial tissue (figure 237). / broken margin of the 
cortical tissue which originally covered the young fructifi¬ 
cation. par paraphyses. asc ascogonium. asc. h. asco- 
gonial hyphae. xl65. (From Corner, 1929.) 
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Family 2. Pezizaceae 


The family Pezizaceae includes those Pyronemaceae whose fructifications 
typically are more than one centimeter in diameter. It is apparent that this 
characteristic does not permit a sharp delineation from adjacent families. 

The asexual fructifications often 



Fig. 240. The primordia of the ascus in 
Peziza Catiuus Holmsk. A young ascus. Expla¬ 
nation in the text. y about 800. (From Guillier- 
MONt), 1905.) 


are developed to a greater degree 
than is usual in the Pyronemacgaer-' 
For instance, the conidiophores of 
Peziza possess a head-shaped apex^^ 
The sexual organs are degener¬ 
ate, and they no longer control the 
development of the fructification 
as in the Pyronemaceae, because 
the fruiting structures originate ve-^ 
getatively as in the higher Plecta- 
scales. The sexual organs eventu¬ 
ally develop within the young fruc¬ 



tification. For example, in Rhizina 
umiulata Fr., the young tissue of 
the fructification is about one milli¬ 
meter thick and as many as eight 
ascogonia are produced within it. 
The development of these asco¬ 
gonia proceeds parthenogamously 
(Fitzpatrick, 1917, 1918). In Pe¬ 
ziza vesiculosa Bull. (Fraser and 
Welsford, 1908) and in Peziza 

tectoria Cke. (Gwynne-Vaughan, 
1922), the vegetative hyphae co¬ 
pulate somatogamously within the 

tissue of the fruiting body. 

The ascogenous hyphae some- 


Fig. 241. Fructification of Rhizina inflata times exhibit a type of development 

(SchaefT.)Karst. growing on forest soil. 23 natural from the Pyronenia-tyP^ 

size. (From Buller, 1934.) Qinering .„n- 

(figure 233) and leading to the sup¬ 
pression of hook formation. In Peziza Catinus Holmsk. [— Geopyxis Cat' 
(Holmsk.) Sacc.] (figure 240), the terminal cell of the hook hypha is unmuc- 

leate and the subterminal cell is binucleate just as in ^ ^ 

produced by the subterminal binucleate cell (Guilliermond, 1 )• 

Galactinia succosa (Berk.) Sacc., and Paxina leucomelas (Pers.) ze. 
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examples of the so-called Galactinia-iypt in which the terminal ceil of the asco- 
genous hypha is binucleate and develops directly to produce the ascus (Maire, 
1905). 

The high morphological development of the fructification in the Pezizaceae 
is a significant feature of the family. The flask-like structure of the perithecium 
of the Pyrenomycetes remains almost unchanged in all groups, and the stroma 
exhibits the only significant morphological differentiation. Any member of the 
Pyrenomycetes exhibiting a complicated morphological aspect owes that com¬ 
plication to the development of the stroma. In the Pezizaceae, on the other 
hand, the morphologically higher development of the fructification depends on 



Fig. 242. Young fructifications of Peziza silvestris (Boud.) Seav. Natural size. (From 
Seavfr, 1915.) 


the apothecium. The apothecium, in contrast to the perithecium, is plastic in 
the evolutionary sense. The earlier conventional bowl-shape is abandoned, and 
new types appear whose relationships to the fundamental type of apothecium 
are apparent only in the earliest stages of their development. 

There are two main developmental lines, the epigaeous series whose fructifi¬ 
cations appear on the surface of the soil, and the hypogaeous series whose 
representatives grow entirely subterr^neously. 

The fructifications of the epigaeous series exhibit a progressively greater 
degree of morphological differentiation. For example, the simplest form, 
Rhizina, possesses a fructification comprised mostly of a strongly developed 
hymenium which causes the fruiting body to appear as an irregularly shaped 
structure whose upper surface is covered with a crust (figure 241). These 
fructifications may attain a diameter of six centimeters. However in Peziza and 
its relatives, the rind becomes a predominating feature of the fructification, and 
as a result the fruiting structure is shield-like, or cup-shaped (figure 242). The 
fructifications of Bulgaria may attain a height of five centimeters, and those of 
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the genus Galactinia are differentiated clearly into a ground layer and special 
lacteal vessels. Urnula terminates the epigaeous series by virtue of its stipitate 
fructifications. Although these structures are nearly closed when immature, 

they are ruptured into star-like lobes 
at maturity and the hymenium thereby 
is exposed (figure 243). The ascospores 
of all the above forms are ejected in 
the same manner as in the Pyronema- 
ceae (figure 239). 

The hypogaeous series is comprised 
of two contrasting subgroups, one of 
which is represented by the Petchio- 
myces-Hy dnocystis-Sarcosphaera group, 
and the other by the genus Sphaero- 
soma. 

The genera Petchiomyces and Hy- 
dnocystis still exhibit epigaeous tend¬ 
encies. The periphery of their apothecia 
curves upward causing the fructification 
to appear as a hollow knob. The outer 
surface of this structure consists of rind 
tissue, and the hymenium covers the 
inner surface (figures 244-246). 

The hymenophore of Sarcosphaera 
appears as a tangled mass of hyphae 
filling the center of the knob-like fructication. In the event that the fructifi¬ 
cation is produced just below the earth’s surface and becomes exposed at 
maturity, the structure dehisces by lobed ruptures at the apex. However, if 
the fruiting body develops entirely within the soil, the opening remains only 
an inconspicuous hole. The structure then superficially resembles a truffle. 

The usually hypogaeous 
genus Sphaerosoma^ a relative 
of Rhizina, exhibits a type of 
fruiting body diflFering from 
that described above. In this 
genus, the edge of the fruit¬ 
ing body enlarges extensively 
downwards and is pressed to¬ 
wards the original stalk of the 
apothecium, forming a kind of 
hollow sphere. The inner wall 



Fig. 244. Fructification of Petchiomyces Thwai- 
resii (B. and Br.) Fisch. and Matt. [= Hydnocystis 
Thwaitesii B. and Br., = Genea ThwaitesH (B. and Br.) 
Fetch.]. 2/5 natural size. (From Fetch. 1907.) 



Fig. 243. Mature open fructification of 
Urnula Geaster Feck. ^4 natural size. (From 
Seaver, 1928.) 
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of the sphere is sterile. The hymenium is borne on the outer wall and is 
irregularly divided by ridges and depressions (figure 279). 


Family 3. Helvellaceae 



The Helvellaceae may be regarded as a group of the Pezizaceae which 
produce stalked fructifications and whose hymenia are comparatively broad 
although it is apparent that these characteristics do not permit a sharp separa¬ 
tion of the two families. 

The development of the fruc¬ 
tification is initiated by purely 
vegetative processes just as in 
the Pezizaceae, and the sexual 
processes occur only among 
these vegetative hyphae in the 
young fruiting body (figure 313). 

The sexual organs are lacking 
and copulation occurs somatog- 
amously. Typical examples are 
Ifelvella elastica Bull. (Me 
CUFFIN, 1910), Helvetia crispa 
Fr. (Carruthers, 1911), Mor- 
chella conica Pers., and Mor- 
cliellaesculenta{L.) Pers. (Greis, 

1940). Copulation in Morchetla 
conica Pers. normally occurs in 
the hypothecium, and rarely in 
the stalk tissue just after its elon¬ 
gation. Although copulation 


Fig. 245. Hemiangiocarpous development of the 
fructification of Petchiomyces Thwaitesii (B. and Br.) 
F. and Matt, ep epithecium which is often termed the 
“inner rind” in taxonomic literature, hy hymenium. 
cor cortex which is sometimes called the “outer rind” 
in the taxonomic literature. 1-3 xabout75; 4 xI8 . 
(From Fischer, 1909.) 


occurs between adjacent hyphae 

composed of multinucleate cells, only one nucleus is required from each copu¬ 
lating cell in order to form the dikaryon. The dikaryon migrates into the asco- 
genous hypha and undergoes conjugated divisions. 


Even somatogamous copulation is lacking in Morchetla elata Fr. (Greis, 
1940), probably because of heterokaryosis. Any vegetative cell of the cap or 
of the subhymenium may form a dikaryon by the autogamous pairing of two 
of its own nuclei (figure 247, i-5). The remaining nuclei degenerate. 

The ascogenous hyphae normally arise as lateral branches on the hypha 
germinating from the original dikaryotic cell, and they press through the hyphae 
of the young fruiting body until they become aligned to form the hymenium. 
Once the hymenium is formed, the asci are soon produced. In Helvetia crispa 
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Fr.. ihe tip of the hook usually forms an open union with the mother hypha 
and discharges its nucleus into that hyphal cell (Carruthers, 1911). This pro¬ 
cess is reminiscent of the clamp formation occurring in the Basidiomycetes; 
however, there is no such clamp-like structure in Morchella (Greis, 1940). 



Fig. 246. Section through the wall of the fruiting body 
of Hydnocystis Californica Gilk. cor rind, ps pseudoparen- 
chymatous ground layer, hyp hymenophore or hypothe- 
cium. hymenium. x 80. (From Gilkey, 1939.) 



Fig. 247. 7-2 somatogamous copulation of two hyphae of Morchella conica Pers. 3-5 auto¬ 

gamous pairing of nuclei in the hyphal cells of Morchella data Fr. x about 750. (From Greis, 1940.) 


The fructification is believed to develop hemiangiocarpously on the basis of 
our present knowledge. A small hyphal ball represents the earliest stage in 
the development of the fructification in Helvella elastica Bull. This structure 
soon becomes differentiated into a stalk and a head (figure 248, /). The hyphal 
ball, or knob, at first is enclosed by an outer layer called the velum, or veil. 
This layer is ruptured later and the hyphae on the upper surface of the head 
become arranged in a palisade layer which finally becomes the hymenium. The 
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palisade layer is concave at first (figure 248, 4\ but later extends laterally and 
becomes saddle-shaped. Finally, two opposite lobes extend downward from 
the apex (figure 248, 5). The hymenium-covered layer, or cap (figure 250), 
properly is regarded as growing downward from the apex of the fructification 
rather than from the stalk itself. 


/ 







Fig. 248. Development of the fructification of Helvella elasiica Bull, x 10. (From McCubbin, 
1910.) 



Fig. 250. Habit picture of the fruiting body 
of Helvella injula (SchaefT.) Rehm. Somewhat 
enlarged. (From Falck, in Gaumann, 1926.) 


Fig. 249. Schematic section through the 
fructification of Helvella elasiica Bull, st stalk. 
li cap or pileus. hy hymenium with asci and 
paraphyses. (From Cornf.r, 1929.) 





The cap, or pileus, of Verpa (figure 251) exhibites pronounced convolutions 
on its upper surface. The lower or outer edge of the pileus usually is free from 
the stalk in this genus, but in Gyromitra (figure 252) it usually is joined to the 
stalk throughout. 

The pileus of the higher representatives of the Helvellaceae, such as the 
. morels, is covered with a network of ridges and indentations (figure 253). The 


IS Gaumann 
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ridges are sterile and they unite the lacunose fertile areas into a layer of irre¬ 
gularly distributed hymenial surfaces. The ascospores are not released simul¬ 
taneously. The asci bend phototropically toward the light as illustrated in 
figure 239 (Buller, 1934), and the ascospores are ejected from the fructification. 
If it were not for this phototropic response of the asci during dehiscence, the 
asci borne on the sides of the pileus chambers would merely plaster the opposite 


Fig. 251. Fructification of Verpa Fig. 252. Fructification of Gyromitra esculenta Fr., 

bohemica Krombh. Natural size. an edible species. -;i natural size. (From Buller, 1934.) 
(From Falck, in Gaumann, 1926.) 

wall with ascospores and dissemination would be lessened. The catabolic 
activity of the fruiting body is very high during the period of dehiscence of the 
ascospores and the tissues develop a noticeable rise in temperature. The con- 
vectional currents in the surrounding air induced by the warm tissue are thought 

to aid in the dispersal of the ascospores. 

The morels and some of their relatives are much prized as culinary delicacies. 
One can only wonder at the intricacy of the evolutionary process by which the 
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cular type (Terrier, 1942), it should not be used as the type genus. The name 
Helotiales is to be preferred. 

The forms described in the following discussion may be grouped in five 
families as follows (figure 255): 


A. Hymenium borne on a loose hyphal layer. 

Family 1. Ascocorticiaceae (page 229). 
AA. Hymenium borne within, or on the surface of the fructification. 

B. Apothecia sessile. 

C. Apothecia free. Family 2. Dermateaceae (page 230). 

CC. Apothecia imbedded in the stroma. 

Family 3. Hypodermataceae (page 233). 

BB. Fructifications stalked. 

C. Mature fructifications apothecia-like. 

Family 4. Helotiaceae (page 236). 

CC. Mature fructifications club-shaped or cap-shaped. 

Family 5. Geoglossaceae (page 239). 


Family 1. Ascocorticiaceae 

Our knowledge of the Ascocorticiaceae is limited almost to the abstract con¬ 
cept that they exist. Almost nothing is known about them and it is important 
that they should be studied thoroughly because of their significance as inter¬ 
mediate forms. 




Fig. 256. Fruiting layer of Ascocorti- 
cium albidum Bref. x350. (From Brefeld, 
1891.) 


Fig. 257. Production of conidia by Drepano’ 
peziza ribis (Kleb.) v. H. [ = Pseudopeziza ribis 
Kleb., also = Gloesporium ribis (Lib.) Mont, and 
Desm.] x210. (From Klebahn, 1907.) 


Ascocorticium albidum Bref. (Brefeld, 1891) produces a cortical rind, or 
at least a fragile white or red outer covering resembling that to be described 
later in the more primitive species of the family Corticiaceae in the Basidio- 
mycetes. The homogenous regular hymenium is borne by the hyphal tissue 
(figure 256). There are no paraphyses, and the asci contain eight ascospores. 

There is no specially differentiated fructification in Ascocorticium, as is the 
case in the more primitive of the Gymnoascaceae. The genus probably repre- 
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sents a transitional type between the Gymnoascaceae and the typical Helotiales. 
The genus might be regarded as a very primitive group of Basidiomycetes if the 
ascospores were developed exogenously. More cannot be said about these 
forms until we have additional information concerning them. 



Fig. 258. Production of conidia by Diplocarpon Soraueri (Kleb.) Nannf. ( = Entomopeziza 
Soraueri K\eb., also = Entomosporium maculatum hQ\.). The mature conidia bear spines, x about 
350. (From Piehl and Hildebrand, 1936.) 



Fig. 259. Spermatization in Higginsia hiemalis (Higg.) Nannf. ( = Coccomyces hiemalis Higg.). 
/ young stroma within the host leaf with ascogonia ascj and an acervulus with microconidia nti 
and macroconidia ma. 2-3 spermatization of the trichogyne fr. x325. (From Backus, 1934.) 


Family 2. Dermateaceae 

The stage of evolutionary development of the inoperculate Discomycetes 
represented by the family Dermateaceae corresponds to the stage attained by 
the Pyronemaceae in the operculate series. Their fructifications are typical 
apothecia. 

The asexual reproductive structure of Higginsia (figure 259) are represented 
by Nectria~\\\!ic microconidia and macroconidia, while shallow acervuli are pro¬ 
duced by Drepanopeziza (figure l-Sl), Pseudopeziza, Diplocarpon (figure 258) 

and other genera. 
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The sexual process of Higginsia hiemalis (Higg.) Nannf., a parasite on 
leaves of Prunus, is accomplished by spermatization (Backus, 1933, 1934). The 
hyphae produce acervuli with Fusanum-Vike macroconidia on fallen leaves dur¬ 
ing the summer season. Towards autumn when the vitality of the leaf tissues 



Fig. 260. Stages in the development of the apothecium of Diplocarpon Earliana (E. and E.) 
Wolf growing on a strawberry leaf. I young subepidermal hyphal ball which is beginning to difTer- 
enliate into a rind and a central fertile region. 2 young ascogonia asc with trichogynes tr. 3 young 
hymenium. 4 half mature hymenium with asci A and paraphyses par. 5 mature open fructification. 
x4I0. (From Wolf, 1924, 1947.) 


declines, branched conidiophores produce Cylindrosporium-Vike microconidia 
which are from four to five microns long and from one to two microns wide 
(figure 259, mi). The microconidia and macroconidia may be produced in the 
same acervulus or they may appear in special acervuli. 

Morphologically identical microconidia also may be produced directly by 
the germinating macroconidia. Germination of the microconidia has not been 
observed. 
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At the same time that the formation of the microconidia and macroconidia 
is taking place, as many as a dozen coiled ascogonia may be produced within 
the intramatrical, pseudoparenchymatous tissue of the hyphal ball. Each asco- 
gonium consists of eight to twelve uninucleate cells, and each bears a trichogyne 



Fig. 261. Section through the mature apothecium of Dermatella Frongulae (Fr.) Tul. growing 
on a branch of Rhamnus Frangula L. x65. (From Nannfeldt, 1932.) 



Fig. 262. Section through a mature apothecium of MoUisia pastinaceae Nannf. growing on 
a year old branch of Pastinaca saliva L. x 150. (From Nannfeldt, 1932.) 


extending through the overlying acervulus to the outside (figure 259). A few 
microconidia normally adhere to the trichogyne, although sometimes a very 
large number is observed. Copulation occurs and the outer layer of stromatic 
tissue forms a protective covering at the onset of winter. Asci of the hook type 
develop during the following spring. 
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Diplocarpon Earliana (E. and E.) Wolf (figure 260), and pernaps also Fabraea 
ranunculi (Fr.) Karst. (Gousseva, 1923) and Placosphaeria onobrychidis (DC.) 
Sacc. (Killian, 1931), produce ascogonia in a similar manner as the result of 
spermatization of the exposed trichogynes. 



Fig. 263. Section through a nearly mature conidia-producing acer\ulus of Lophodermiuni 
nitens Dark. The structure has not ruptured. It is growing on a needle of Pinus Sttohus L. x 500. 
(From Darker, 1932.) 



Fig. 264. Fructifications of HypoJerma lethale Dcarn. growing on a needle of Pinus ri^ida 
Mill. Some of the fruiting bodies are still closed and others arc dehiscing by elongated ruptures. 
xl7. (From Darker. 1932.) 

The apothecia (figures 260, 5, 261, and 262) are produced by the fertile 
stromata during the following spring. The apothecia are hemiangiocarpous 
(figure 237) and are cartilaginous and leathery in texture. 

The apothecia in the family Cyttariaceae, a probable evolutionary side line 
of the Dermateaceae, are imbedded in the stromata. The apothecia in the genus 
Cyttaria (Marchionatto, 1940; Santesson, 1945), a parasite in Nothofagus in 
the southern hemisphere, attain the same level of development as in Mycocitrus 

(figure 199) of the Sphaeriales, and as in Mycomalus (figure 217) in the Clavi- 
cipitales. 

Family 3. Hypodermataceae 

The Hypodermataceae (Hilitzer, 1929; Darker, 1932; Tehon, 1935; 
Terrier, 1942) are related to the Dermateaceae in the same manner that the 
Hypocreaceae are related to the Sordariaceae. The ascogonia of both groups 
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are produced within a stromatic hyphal layer. The thecium developing from 
the ascogonium is enclosed completely by a distinct stroma. 

The perithecium of the stromatic Sphaeriales and Clavicipitales is open to 
the outside by an ostiole, while in the Hypodermataceae the bowl-shaped apo- 
thecium remains covered with a usually long, oval stroma called the apothecial 
stroma or the hysterothecium (figure 264). 


m 



Fig. 265. Schematic section through the apothecium of a species of Lophodermium^ enclosed 
by the stroma, hy hymenium. hyp hypothecium. ps ground layer of the stroma, b basal layer of 
the stroma, sir surface layer of the stroma with dehiscing mechanism and with the swelling bodies m 
at the mouth. {From Terrifr. 1942.) 



Fig. 266. Formation of the dehiscing layer in Lophodermium berberidis (Schleich.) Rehin. 
d young dehiscing layer, h degenerated central part, m hyaline swelling bodies. x560. (From 
Nannfeldt, 1932.) 


The stroma forming the covering of the apothecium ruptures irregularly at 
maturity in the simpler genera, but in the more advanced genera there is a true 
rupturing mechanism of the type exhibited by Lophodermium and by Rhytisma. 

In Lophodermium and its relatives (Nannfeldt, 1932; Jones, 1935), the 
causal agents of the leaf-fall disease of conifers, the mechanism of dehiscence 
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RUPTURING MECHANISM OF THE APOTHECIAL STROMA 

is a triangular strand of thin-walled dense cells (figure 266, d). The disintegra¬ 
tion of the central cells of the strand to a slime produces an elongated opening. 
The remaining external cells of the strand become arranged in a hyaline palisade 

layer bordering the opening (figure 265, m). 

Rhvtisma, the cause of the tar-spot disease, differs from the Lophodermium 

group chiefly by producing several apothecia within the stroma instead of only 



Fig. 267. Sections through a still closed and a mature apothecial stroma. I Lophodermium 
maculare (Fr.) de Not. growing on Vaccinium uliginosum L. 2 Lophodermium tumidum Rehm. 
growing on Sorbus aucuparia L. m swelling bodies bordering the opening, str surface layer of 
stroma, b basal layer of the stroma, hyp hypothecium. hy hymenium. xl30. (From Nann- 
FELDT, 1932.) 


one. A median ribbon of tissue only one cell thick develops in the lower 
third of the stromatic covering in Rhytisma (figure 268, d). This ribbon dege¬ 
nerates to slime, the upper layer of the stroma bursts because of imbibition 
pressure, and the ascus hymenium becomes exposed (Bracher, 1924; Jones, 
1925). 

Very little is known about the sexual reproductive cycles of the Hypoderma- 
taceae. Parthenogamous copulation appears to take place within the solitary 
ascogonium of Rhytisma punctatum Fr. (Jones, 1925) and of Lophodermium 
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hysterioides{^^vs.) Sacc., a parasite on CrataegusmonogynaJsicq. (Likhite, 1926). 
On the other hand, Jones (1935) believes that spermatization occurs in Lopho - 
dermium pinastri (Schrad.) Chev. 

Asexual reproduction is accomplished by conidia produced in acervuli of 
the Leptostroma type (figure 263). 



Fig. 268. Formation of the dehiscing layer in Rhyiisma 
punctatum Fr., on Acer Pseudoplotanus L. r/dehiscing layer. 
str surface covering comprised of stromatic tissue, hy hyme- 
nium. xabout 250. (Based on Bracher. 1924, and Jones, 
1925.) 



Fig. 269. Macroconidia of the Monilia type. Sclerotinia urnula (Weinm.) Rehm growing on 
the fruit of Ericaceae. / section of a young conidial chain. A hypha has begun to segment into 
conidia. The delicate remains of the original hyphal wall w are visible. The walls of the conidia c 
have formed on the inner side. The cross walls, as in Albugo^ have secreted a conical plug which 
becomes a spindle shaped body containing the disjunctor d. 2 mature conidial chain in which the 
disjunctors are protruding and permit the breaking up to the chain. / x740; 2 x 340. (From 
WORONIN, 1888.) 


Family 4. Helotiaceae 

The Helotiaceae include the stalked, inoperculate Discomycetes. Their fruc¬ 
tifications when mature are apothecial in form. Like the Clavicipitales, the 
family may be divided into two groups based on easily discernible morpho¬ 
logical characters. One group, which may be regarded as the more primitive 
of the two, does not produce sclerotia, while the more advanced group produces 

resting cells resembling those of Claviceps. 

The genera Dasyscypha (Hiley, 1919) and Crumenula may be taken as 

representative of the more primitive group which lacks sclerotia. These forms 

actually represent members of the Pyronemaceae which have short-stalked 
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apothecia. There is no other morphological difference to distinguish them from 
the Pyronemaceae. 

On the other hand, the sclerotia-producing group exhibits features of especial 
interest from the phylogenetic viewpoint (Honey, 1928; Whetzel, 1945) as 
their sclerotia show a series of specializations similar to that shown by the 



Fig. 270. Macroconidia of the Botrytis Fig. 271. Hyphae of Sclerolinia gladioli 

type. Conidiophores of Botrytis cinerea Pers. (Mass.) Drayt., with conidiophores and micro- 
x480. (From Klebahn, 1930.) conidia. x650. (From Drayton, 1934.) 


Epichloe-Claviceps series in the Pyrenomyceles. In Hehtium for example 
(Grove, 1930; Barnes, 1933) and also in Cihoria, the apothecia usually are 
long stalked and are borne on a generally dark-colored stromatic hyphal layer. 
This hyphal layer of the parasitic species mummifies the tissues or organs of 
the host plant. 

The pseudoparenchymatous hyphal layer is a more or less independent unit 
in Sclerotinia. However in Stromatinia, a genus which produces macroconidia 
of the Monilia type (figure 269), this layer of hyphae, although still pseudo¬ 
parenchymatous, is either mixed with the host's tissues or lies over their sur¬ 
face (figure 274). In the genus Eusclerotinia, which produces macroconidia of 
the Botrytis type (figure 270), the hyphae usually produce true sclerotia which 
ultimately separate from the host and overwinter in the soil. 

The sexual development of the Helotiaceae has been studied only in the 
genus Sclerotinia, Spermatization has been obser\*ed in Sclerotinia gladioli 
(Mass.) Drayt. (Drayton, 1934)and in Sclerotinia co/7vo/wra(Whetz. and Drayt.) 
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Drayt., a species parasitizing Iris (Drayton, 1937). Spermatization also has 
been described in representatives of the Botrytis cinerea Pers. group (Groves 
and Drayton, 1939). Both self-sterile groups produce macroconidia which are 
chiefly responsible for the distribution of the species, although strangely enough, 
Sclerotinia gladioli (Mass.) Drayt. lacks this vegetative means of dissemination. 
Microconidia and ascogonia equipped with trichogynes also are produced. The 
microconidia are cut off in loose chains (figure 271) and they lie imbedded in 



0 
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Fig. 272. Autogamous pairing of nuclei within the 
hyphae of the apothecial primordia of Sclerotinia trifolio- 
rum Erikss. / nuclear pairing. 2 development of the pri¬ 
mary ascogenous hyphae. x 1800. (From Bjorling, 1942.) 


/ 



Fig. 273. Hook formation by the ascogenous hyphae of Sclerotinia trifoliorum Erikss. 1 pri¬ 
mary hyphae before hook formation. 2-4 hook formation. 5 cluster of immature asci. A young 
ascus. /, 4 xl200; 2-3 xl800; 5 x 660. (From Bjorling, 1942.) 


a slimy substance. Germination occurs only under certain nutritional condi¬ 
tions and probably is dependent on specific growth promoting hormones 
(Arnaud and Barthelet, 1936). The microconidia no longer serve as a means 
of vegetative propagation. 

The ascogonia are lacking in Sclerotinia trifoliorum Erikss., a species causing 
stem wilt of clover, and therefore the spermatia of this species are functionless. 
Sexuality is possible, as in Morchella elata Fr. (figure 247), through the auto¬ 
gamous pairing of the nuclei within the thick, protoplasm-filled hyphae of the 
apothecial primordia (figure 272). The dikaryotic cells develop into hookless, 
primary, ascogenous hyphae (figure 273, 7). Hooks are produced when these 
cells become the secondary ascogenous hyphae (figure 273, 2-4), The type of 
hook formation exhibited by Sclerotinia trifoliorum Erikss. is similar to the 
clamp formation of the Basidiomycetes, just as in the case of Helvetia crispa Fr. 

in the operculate series. 
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Family 5. Geoglossaceae 

The fructifications of the Geoglossaceae may be regarded as stalked apo- 
thecia which are bulged upward in their centers. Therefore the ascus hymenium 
is borne on the outer surface, instead of becoming a concave disk-like structure 
as in the Helotiaceae. The fruiting bodies are club-shaped (figure 277) in the 



FlU. 274. Apothecia of Sclerotinia fruci'uola (Winl.) Rehm on mummified peach Iruii. 
natural size. (From Honfy, 1928.) 



Fig. 275. Diagrammatic representation of the gymnocarpous development of the fructification 
of Mitrula abietis Fr. ( = Mitru/a pusilla Fr.). 1-3 x65; 4 x35. (From Corner, 1930.) 
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more primitive forms such as Geoglossum and Trichoglossum^ and their entire 
surfaces are covered with the hymenium. On the other hand, in Mitrula, Cu- 
donia^ Spathularia^ Leotia^ and in other genera, the fertile part always is sharply 
differentiated from the sterile part and appears as a head at the apex of the 
fructification (figure 278). In this respect, the Geoglossaceae represent a series 
parallel to the Helvellaceae in the operculate Discomycetes. 




Fig. 276. The development of the fructification Fig. 277. Fructifications of 

of Leotia lubrica (Scop.) Pers. The external appear- sum glutinosum Pers. Natural size. (From 

ance is indicated by the upper figures, while the inter- Falck, 1916.) 
nal features are represented diagrammatically in the 
lower figures. I ^35; 2 x20; 3 x2. (From Brown, 

1910.) 


The primordia are gymnocarpous in Geoglossum, Mitrula abietis Fr., and 
in some other genera (figure 275). The fruiting bodies are hemiangiocarpous 
in Mitrula phalloides (Bull.) Chev., Cudonia, Spathularia, and in a few other 
forms (figure 237). 

In the hemiangiocarpous types, the outer cells of the peripheral hyphae 
become slimy and enclose the fructification in a gelatinous skin for some time. 
This gelatinous sheath is called the volva, velum, or indusium in the taxonomic 

literature. 

The sexual organs of Leotia lubrica (Scop.) Pers. appear in the young hyphal 
ball as single-celled (?) ascogonia from which the ascogenous hyphae develop 
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to produce an expanded fructification (figure 276). In Cudouia lutea (Pk.) Sacc. 
and in Spathularia velutipes Cke. and Park, the ascogonia do not develop 
directly from vegetative hyphae but originate from special, dark-colored, 
generative hyphae. The trichogynes of Cudonia penetrate their hyphal covering 
and reach the outside but soon degenerate because they arc not fertilized. The 
trichogynes are lacking in Spathularia. Sexuality is accomplished in both of 
these genera by autogamous 
pairing of the nuclei (Duff, 

1922). Trichoglossum hirsutum 
(Pers.) Boud. terminates the 
series by resorting to somato- 
gamy(DuFF, 1922). 

A survey of the Helo- 
tiales, discloses that the rep¬ 
resentatives of this order 
form an evolutionary series 
parallel to the Pezizales and 
convergent with it. The asci 
possess a specialized mecha¬ 
nism for dehiscence. In gen¬ 
eral, there is a progressive 
degeneration of sexuality and 
a progressive advance in the 
degree of the development of 
the fructifications. The stromata which bear the apothecia become more highly 
developed only in the family Cyttariaceae, although unfortunately too few' 
species of this family have been studied in sufficient detail to permit the stages 
of the advancing evolutionary status of the stromata to be described accurately. 



Fig. 278. Fructifications of Cudonia confusa Bres. 
Natural size. (From Nannfeldt, 1942.) 


13. Order Tuberales 

We encounter for the third time a hypogaeous evolutionary series in the 
Tuberales, or truffles as members of the order are sometimes called (Ed. Fi¬ 
scher, 1938; Malen^on, 1938; Gilkey, 1939). The hypogaeous sequence was 
first met in the Endogonaceae of the Zygomycetes, and again it appeared in 
the Plectascales, and now it appears in the Tuberales of the Discomycetes, a 
group which may be regarded as descending from the Pezizales. 

Asexual fruiting forms have not been observed in the Tuberales, but somato- 
gamous sexual phenomena have been described in the immature fructifications 
of Tuber aestivum Vitt. and in Tuber brumale Vitt. The ascogenous hyphae 
form hooks of the type represented in figure 273 (Greis, 1938, 1939). 
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Ubiquaniae 



Sphaerosom a 


Fig. 279. Probable morphological relationships between the more important examples of the 
Tuberales. The evolutionary stages are designated as I, H, and III. 


The morphological differentiation of the fructifications of the Tuberales pro- 
eeds in one of three manners, each of which bears some resemblance to the 
rocess in Petchiomyces or Sphaerosoma (figure 279). In the relatives ofSphaero- 
oma^ the fructification is invaginated and is gastrula-Iike in its general appear- 
nee. The structure possesses a single opening located at the summit or near 
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the base. The forms possessing the apical opening are called the Superae, and 
those in which the opening is basal are termed the Inferae. 

On the other hand in the group stemming from Sphaerosoma, the outer wail 
of the fructification arches inward in various places, and therefore there are 


several openings in the structure. This group rep¬ 
resents the Ubiquariae as defined by Maleni^on 
(1938). All three of these general types exhibit a 
similar sequence of evolutionary stages as repre¬ 
sented in figure 279. 

The arches in the fructification wall of the 
more primitive types become increasingly devel¬ 
oped (as in the Superae and Inferae) and finally 
the interior of the fructification becomes sepa¬ 
rated into a series of narrow chambers or gal¬ 
leries. The tissues separating the galleries are 
called tramal plates because they are hyphal 
layers covered on both sides with hymenium. 
The epithecium attains a progressively higher 
development and finally it consists of a cortex¬ 
like, pseudoparenchymatous layer (figure 280). 
A comparison of Ascobolus (figure 239) and 
Hydnocystis (figure 246) with Genea (figure 280) 
shows the extent to which the fructifying tissues 
have evolved in this group. 

The infolding of the fructification proceeds to 
such an extent in Hydnotrya, a member of the 
Ubiquariae group, that the inner region becomes 
divided by canals and cavities. The primordia of 
the asci are formed on the walls of these irregular 
compartments, while the hyphal palisades on the 
outer surface of the structure remain sterile and 



ep 




-con 


Fig. 280. Section through the 
wall of the fructification of Genea 
brachytheca Gilk. ep epithecium. 
/iv hymenium. co/ cortex, x about 
90. (From Gilkey, 1939.) 


finally become a brownish rind. A cross section of the fructification discloses 
a thin outer rind composed of brownish, somewhat enlarged, hyphal terminals 
which continue into the palisade paraphyses at the entrance of the cavities. 

Three significant characteristics appear in the second evolutionary stage 
which may be described as follows: 

1. The fructification is always truffle-like. The cortex has a characteristic 
structure and exhibits a warty, irregular surface (figure 281, cor). 

2. The asci begin to lose the palisade-like arrangement typical of the Disco- 


mycetes. 

3. The paraphyses continue their growth over the surface of the epithecium. 
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cover it with a loose layer, and fill the cavities. The tramal plates usually are 
dark in color and are called the venae internae in the taxonomic literature. The 
cavities, filled with usually light-colored paraphyses, are called venae externae 
because they open to the exterior. 



Fig. 281. Section through the fructification of Pseudobalsamia Setchellii Fisch. cor cortex. 
tr tramal plates. \.e. venae externae. hy hymenium which extends to the opening in the cortex. 
x6. (From Fischer, 1908.) 



Fig. 282. Section through the fructifica¬ 
tion of Stephensia bombycina (Vitt.) Tul. cor 
rind. /ly hymenium. venae externae. x ab¬ 
out 2. (From Vittadini, in Fischer, 1938.) 


Fig. 283. Section through the fructifica¬ 
tion of Pachyphloeus luteus (Hesse) Fisch. cor 
rind, hy hymenium. v.e. venae externae. tr tra¬ 
mal plates {venae internae). x about 3. (From 
Fischer, 1938.) 


In the third and last evolutionary stage of the Tuberales, the secondary 
hyphal layer becomes reduced to pseudoparenchyma, and the broad opening 
of the fructification is filled with a mass of hyphae developing from the para¬ 
physes (figure 284, 2). Although the tissue is loosely arranged, tramal plates 
are discernible in a more or less defined layer, and the entire fructification 
appears as a compact mass (figures 283 and 285). 

There are characteristics evident among the species of Tuber^ more comm¬ 
only known as truffles, which represent two lines of evolutionary development. 
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In the subgenus Aschion, as also in Tuber excavatum Vitt. and Tuber rufum 
Pico, the venae externae converge toward the base of the fructification, as is 
usual in the Inferae, and end there (figure 285, 7). On the other hand, in the 
subgenus Eutuber, to which the edible truffle Tuber brumale Vitt., and Tuber 




Fig. 284. The gymnocarpous development of the fructification of Tuber excavatum Viti. 
/ young stage about 1.5 cm in diameter. 2 somewhat older stage in which opening of the structure 
has become filled with a hyphal layer developing from the paraphyses. cor rind, asc.h. ascogenous 
hyphae. par paraphyses. /n- hymenium. /r Iramal plates, v.e. venae externae. x about 20. (From 

Bucholtz, 1897.) 



Fig. 285. / section through the fructification of Tuber rufum Pico. 2 section through the fructi¬ 

fication of Tuber brumale Vitt. cor rind, hy hymenium. tr tramal plates, v.e. venae externae. 
I x5; 2 x2. (From Fischer, 1938.) 


aestivum Vitt. and others belong, the venae externae are open to the exterior 
in many places on the surface of the fructification in the manner typical of the 
Ubiquariae (figure 285, 2). 

The hymenium, which lies between the two types of veins within the fructifi¬ 
cation, that is, between the venae internae and the venae externae., loses its pali¬ 
sade-like arrangement and the asci are disposed irregularly (figure 286) between 
the tramal plates and the venae externae. The number of spores in an ascus is 
not constant and may be only one. 
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The dehiscent mechanism of the asci and the change of the shape of the 
spores from a spherical to a club shape which accompanied the advance from 
the Plectascales to the level of the Pezizales, disappear in the third evolutionary 
stage of the Tuberales. This retrogression accompanies the appearance of the 
endogenous formation of the asci. The asci of the Tuberales therefore represent 
a retrogressive morphological evolution to the level of the Plectascales. 

The three main evolutionary groups evident in the Tuberales, that is the 
Superae, Inferae, and Ubiquariae, are complicated by morphological variations 



Fig. 286. Section through a fertile part of Tuber rufum Pico, cor rind, tr tramal plates. A asci. 
v.e. venae externae. x about 200. (From Tulasne, in Gaumann. 1926.) 


of many kinds. One of the most important of these is represented by examples 
in which the hymenium is not laid down as ^ continuous layer, but consists of 
single parts separated by the ground tissu^i^This unusual situation occurs in 
the genera related to Genea, such as Myrmecocystis (figure 287) and Genabea 
(figure 288), and in those related to Tuber, such as Piersonia and Choiromyces, 
If we compare the structural details of the fructifications represented in 
figure 285 with thosp^illustrated in figure 239, it appears that the Tuberales 
have unddfgone^tensive retrogressive evolution since they diverged from the 
level of tbc^^zizacea©. ' AH external resemblance to the Pezizaceae is lost, and 
the tuberous thalli develop subterraneously. We will find again the subterranean 
habit in the Gastromycetes in the Basidiomycetes. 














CHARACTERISTICS OF THE LABOULBENIALES 


247 


14. Order Laboulbeniales 

All of the known represententatives of the Laboulbeniales are parasites on 
insects (Thaxter, 1896, 1908, 1924, 1926, 1931), and their fruiting structures 
are produced on the upper surfaces of their hosts. The fructifications appear 
as rigid hairs or spines, usually not more than one millimeter in length. 

The species included in the order show a transition from endoparasitism to 
ecloparasitism as do the Erysiphaceae. Certain forms, for example Trenomyces 




Fig. 287. Section through a part of a fructification Fig. 288. Section of a fructifica- 

of Myrmecocyatis cerebrijormis Harkn. ep epithecium. tion of Genahea fragilis Tul. x5. 
hy hymeniun-i, tr tramal layer, cor rind. x2. (From (From Tui.asnf, in Gaumann, 1926.) 
Ed. Fischer, 1908.) 


histophthorus Chatt. and Pic. which parasitizes chicken mites, live endoparasitic- 
ally and absorb food through their mycelia from the fatty tissue of the host. 
Other species develop hyphae in the imrrtediate vjcinity of the p lace of infection. 
The intramatrical part of the vegetative thalTus of most species is reduced to 
a hoof-like appressorium called the foot which barely penetrates the chitinous 
integument of the host. 

These latter forms possess no true hyphae nor mycelia. They are purely 
ectoparasites, and they cause but a harmless disease of the chitinous covering 
of certain insects instead of the lethal epidemics produced by the Entomoph- 
thoraceae. Just as in many of the Dermatomycetes in the Plectascales and in 
the Meliolaceae and Hemisphaeriaceae in the asterinoid Ascoloculares, these 
forms also respond to special environmental conditions by characteristic mor¬ 
phological expressions. These morphological features are evidenced by the 
bizarre appearance and by the strictly fixed development of the individual. 

Asexual reproductive cells are lacking in all members of the Laboulbeniales. 
The sexual reproductive cycle is initiated by spermatization or parthenogamy. 
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The following three families are recognized, each of which is characterized by 
the mode of origin of the spermatia: 

A. Spermatia produced exogenously. Family 1. Ceratomycetaceae (page 248) 

AA. Spermatia produced endogenously. 

B. Spermatia in simple phialides. Family 2. Laboulbeniaceae (page 249) 

BB. Spermatia m complex phialides. Family 3. Peyritschiellaceae (page 252) 


Family 1. Ceratomycetaceae 

The representatives of the Ceratomycetaceae are predominantly parasitic on 
aquatic insects. Zodiomyces vorticellarius Thax. (Thaxter, 1896), which para¬ 
sitizes species of Hydrocomhus, a genus of water beetles, may be regarded as 
representative of the family. 



Fig. 289. Development of Zodiomyces vorticellarius Thaxt. J—3 habit of the growing thallus. 
X cavity. 4 antheridium producing spermatia. 5 young perithecium P whose trichogyne / has 
copulated with a spermatium. 6 section through the margin of a mature receptacle, rec receptacle. 
ap appendices. Px immature perithecium. P 2 mature perithecium with spine-like appendages, 
trichogyne t and antheridium a. 1-3 xabout 150; 4 x850; 5 x260. (From Thaxter, 1896.) 
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The germinating ascospore develops to form a receptacle by repeated, three- 
dimensional, cell divisions (figure 289). A small cavity, or cupule (figure 289, 
3, x), appears near the apex of the structure. Antheridia and ascogonia also 
are produced. The spermatia are produced exogenously by segmentation of the 
antheridia and they migrate towards the trichogynes during the sexual process. 



Fig. 290. Habit of a mature individual of Zodiomyces vorticellarius Thaxt. rec receptacle, 
flp appendices. Per perithecium. xabout 200. (From Thaxter, 1896.) 


Family 2. Laboulheniaceae 

The Laboulheniaceae is the type family of the order Laboulbeniales. The 
family includes about thirty genera. Stigmatomyces Baeri Peyr., a parasite on 
the common house fly, is a well known example (Thaxter, 1896). An ascospore 
comes in contact with the host and becomes attached by its basal end. A small 
foot cell is soon formed (figure 291, 2,f). 

The upper cell then undergoes successive division and a series of phialides 
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IS produced. The antheridia begin to produce spermatia by segmentation two 
or three hours after the infection of the host has occurred (figure 291, 7, a) 
The lower cell divides to produce the small foot cell, and it then becomes 
the mother cell from which develop the appendages, or appendices (figure 291 
6, ap) as they are sometimes called, the archicarp mother cell (figure 291, 7, m) 
and the stalk cell (figure 291, 5, y). The mature archicarp consists of the asco- 
genous cell (figure 291, 10, asc), the trichophore cell (figure 291, 10, tr), and the 
tnchogyne (figure 291, 10, t). The stalk cell (figure 291, 5, v) elongates at ma- 



Fig. 291. Development of Stigmatomyces Baeri Beyr. Explanation in the text, x about 340. 
(From Thaxter, 1896.) 


turity, and finally becomes a definite stalk which bears the perithecium (figure 
291,//, per). The young asci develop within the perithecium (figure 291,//, A). 

Unfortunately, our knowledge of the sexual development of the Laboul- 
beniaceae is based on only two apandrous species, iMbouIbenia gyrinidarum 
Thaxt, and Laboulbenia chaetophora Thaxt. (Faull, 1912). Both of these deve¬ 
lop in the abdomen and lesser wing coverts of various species of Gyrinus., a genus 
of whirligig beetles. 

Figure 291, / represents the mature archicarp. Since spermatia are lacking, 
development proceeds parthenogamously after the copulation of the ascogonial 
cell with the trichophore cell. The nucleus of the ascogonium (figure 292, 2) and , 

that of the trichophore divide once. The cross wall then disappears and the 
four nuclei lie in one cell (figure 292, 3). New cross walls soon cut off a basal ^ 

cell and an upper trichophore-replacing cell. The two remaining nuclei form i 

a dikaryon and divide simultaneously. In the example represented in figure 
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292, 4, the ascogenous apparatus consists of a uninucleate and a binucleate 
basal cell, two ascogenous cells, a binucleate apical cell, and a trichophore cell. 

The primordia of the asci develop from the two ascogenous cells. The nuclei 
of their dikaryons divide, and one daughter pair remains in the ascogenous cell; 
the other pair migrates into the young ascus where it undergoes karyogamy 



Fig. 292. Sexual development of Laboulbenia gyrinidarum Thaxt., and Laboulbenia chaeto^ 
phora Thaxt. 1 mature archicarp. asc ascogonium cells, tr trichophore cell, t feather-like Iricho- 
gyne. 2-4 development of ascogenous cells 5 primordia of the asci. young ascus. 2 ma¬ 

ture ascus containing two ascospores. Az old and empty ascus. 6-7 development of the ascospores. 
8 mature ascospores. Explanation in the text. I x225; 2~4 x300; 5, 7 x675; 6 x900; 8 x450. 
(From Faull, 1912.) 


(figure 292, 5). Another cell division then occurs, and so on, until one original 
ascogenous cell finally produces a cluster of asci. 

Four nuclei in the ascus degenerate, consequently only four nuclei remain to 
produce ascospores (figure 292, 6-7). The ascospores are uninucleate at first, 
but they become septate later and are surrounded by a gelatinous sheath. This 
jelly-like sheath is somewhat thicker at the base and it probably serves to 
anchor the spore to the surface of the new host (figure 292, 8). 
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During the course of this development, which continues for about three 
weeks, the perithecium has attained a considerable size and greatly surpasses 
the magnitude of the sympodial antheridia growing at its side (figure 293, 7). 
The ascus wall disintegrates and the ascospores lie free in the perithecial cavity. 
The ascospores are discharged, one by one, through the ostiole. 

The basal cell of the representatives of some other genera of the Laboul- 
beniaceae undergoes many divisions, and often very strangely shaped fructifi¬ 
cations result (figure 293). 



Fig. 293. Habits of several examples of the Laboulbeniaceae. 1 Stigmatomyces sarcophagae 
Thaxt. 2 Enarthromyces indicus Thaxt, 3 Dichomyces biformis Thaxt. 4 Rhizomyces crispatus 
Thaxt. anth antheridium. y stalk. Per perithecium. p abortive perithecia. rec receptacle, ap 
appendices. /, 2, 4 xI50; 3 x 300. (From Thaxter, 1896, 1908.) 

Family 3. Peyritschiellaceae 

The endogenous spermatia, characteristic of the family Peyritschiellaceae, 
are released into a cavity (figure 294, 5) and then are discharged directly to the 
exterior. This procedure is typical in the complex antheridia produced by this 
family. About 25 genera, mostly tropical in their distribution, are included in 
this family (figure 295). 
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If one wishes to define the evolutionary relationships of the Laboulbeniales, 
he must regard the extreme asterinoid deformed type, which consists only of 
a foot cell and lacks a true mycelium, as a final degenerate stage of the original 
hyphae-forming, endoparasitic type. The only groups of fungi to which any 
definite relationship could be assumed are the Plectascales and the more primi¬ 
tive of the Ascoloculares. The ascogenous cells of the Laboulbeniaceae are 
reminiscent of Ophiostoma and Myriangium. The disintegration of the ascus 
walls when the ascospores are mature again appears in the Plectascales. Fur¬ 
thermore, there is an ostiole through which the ascospores are discharged just 
as in Ophiostoma. We therefore have represented the Laboulbeniales in figure 1 
as an uncertain evolutionary side line of the Plectascales. 



Fig. 294. i-5 development of the complex antheridium by the male thallus of Polyandromyces 

coptosomalisThdxi. spermatia. 6 female thallus. I~5 xabout400; 6 xabout 140. (From Thaxter, 
1924.) 

Now that we have come to the end of our discussion of the immense and 
complex group of Ascomycetes, it would be well to review those characteristics 
which suggest its place in the evolutionary scheme of the fungi (figure 1), and 
which also serve as the basis for the taxonomic arrangement of its representa¬ 
tives. 

1. The asexual reproductive structures remain at the morphological level 
attained by the Zygomycetes. They are reduced or lacking in a few orders, for 
example in the Helotiales and Tuberales. 

2. The sexual organs of the more primitive forms, the Endomycetales and 
lower Plectascales, evolve directly from gametangia of the type produced by the 
Zygomycetes. The female copulation branch attains a higher development and 
produces a special fertilization organ called the trichogyne in the manner of 
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the Aspergillaceae. In due time, sexuality is suppressed in the Plectascales, 
whence arise related evolutionary groups exhibiting the usual types of degen¬ 
erate sexual fusions substituting for the originally well defined sexual pro- 



Fig. 295. 1 habit of Diaphoromyces marginatus Thaxt. 2 habit of Rickia coptengalis Thaxt. 

anth antheridia. Per perithecia. ap appendices. / x about 160; 2 x250. (From Thaxter, in Gau- 
MANN and Dodge, 1928.) 

cesses. First there is a loss of the male and then of the female organs, then there 
is a transition to somatogamy, and so on, until sexuality is reduced to its lowest 
possible stage. 

3. The sexual process is prolonged and consists of two phases. The first 
stage is plasmogamy which brings together the cytoplasm and nuclei of two ad- 
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jacent cells. Fertilization results, as before, in the subsequent karyogamous 
fusion of the nuclei in the ascus except in certain species of the family Ta- 
phrinaceae. In the more primitive forms, namely in the Endomycetales, plas- 
mogamy and karyogamy occur in rapid sequence, and the ascus develops, 
therefore, from the female gametangium. In the Plectascales, on the other 
hand, karyogamy is delayed, and a dikaryotic hyphal phase intervenes. This bi- 
nucleate phase assumes various morphological aspects but ultimately it pro¬ 
duces the ascogenous hyphae. Biologically, the dikaryophase serves to augment 
the effectiveness of the decadent sexuality as the pairs of nuclei may divide 
many times during the persistent dikaryophase. One plasmogamous fusion 
therefore results ultimately in the production of numerous asci. 

4. The ascus, which evolved from the germinating sporangium of the Zygo¬ 
mycetes, becomes stable in structure and in the number of ascospores produced, 
and it assumes by gradual stages the entire responsibility of propagation. In the 
more primitive forms, up to and including the Plectascales, the ascospores are 
released by the disintegration of the ascus wall. In the more advanced types, 
such as the Ascoloculares and Ascohymeniales, the ascus is equipped with an 
ejection mechanism which releases the spores into the convectional currents of 
the surrounding atmosphere. This mechanism of dispersal is lost in the Tu- 
berales, an order representing an evolutionary sequence lateral to that of the 
main trend of the Ascomycetes. 

5. Hand in hand with the evolutionary development of the dikaryophase, 
fructifications appear in the Plectascales which possess haploid vegetative 
hyphae surrounding the sexual organs and the dikaryotic ascogenous hyphae. 
The fructifications of the Ascomycetes represent, therefore, a mixture of purely 
vegetative haploid hyphae and dikaryotic hyphae of sexual origin. In so far 
as external morphology is concerned, the final evolutionary stages attained by 
the fructifications of most of the evolutionary lines originating from the level 
of the Plectascales are very similar. But it should be recalled that the genetic 
origins of these structures are different. In the Ascoloculares, the fructification 
is entirely vegetative in origin and develops from the stromata which also pro¬ 
duce the asci, although it is true that fructifications of sexual origin are pro¬ 
duced by the Pyrenomycetes and by the Discomycetes. The perithecia of the 
Pyrenomycetes are stable structures and the morphological evolution of the 
fructifications is dependent on the stromata in which they are inbedded. On the 
other hand, the apothecia of the Discomycetes are labile in structure and they 
determine the morphological variations exhibited by the fructifications. 
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The Basidiomycetes probably descended from the higher Ascomycetes or 
Discomycetes (figure 1). While all opinions concerning evolutionary origins are 
subject to personal interpretation, nevertheless four phenomena occur in the 
Basidiomycetes which strongly suggest the validity of this opinion. These four 
phenomena, morphological features, or trends, as they may be variously re- 

garded, merit preliminary discussion before 
the great class of Basidiomycetes is described 
in detail. 

1. The basidium fundamentally is an ascus 
which produces spores exogenously. 

Endogenous and exogenous spore produc¬ 
tion do not represent fundamentally different 
processes. In Choanephora (figure 68), a mem¬ 
ber of the Zygomycetes, the asexual spores 
may be produced endogenously as sporangio- 
spores or exogenously as conidia, depending 
on the external conditions affecting the thallus. 
Furthermore, in the Syncephalastrum-Pipto- 
cephalis group (figures 65 and 66), the spor¬ 
angia develop merely as radially arranged 
exogenous vesicles within which the spores 
are produced endogenously. The same factors 
which govern the formation of spores on the 
upper surface of the sporangium of the Zygo¬ 
mycetes obviously also must have influenced 
the development of the external types of 
spore production by the specialized spor¬ 
angium called the ascus. In other words, the 
ascospores become basidiospores and the 
ascus becomes the basidium. 

The transition from the ascospore to the basidiospore follows the Synce- 
phalastrum-Piptocephalis scheme, and during this transition the basidium, that 
is to say the erstwhile ascus, assumed the production of two, four, or eight 
exogenous vesicles or sporangioles. Each of these sporangioles develops what 
might be called an endospore (Coleman, 1927; Malen^n, 1930, 1931; Heim, 




Fig. 296. / basidiospores of Hy~ 
menogaster decorus Tul. with the spor- 
angiole wall or perispore p and the 
true spore wall or epispore e. b basi¬ 
dium. 2-3 basidiospores of Ganoderma 
Alluaudii Pat. and Har. 2 optical sec¬ 
tion. 3 the perispore has been dis¬ 
solved and the sculptured surface is 
exposed. 7x670; 2-3x 1320. (7 from 
MALENgON, 1930; 2-3 from Heim, 
1933.) 
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1933; Kuhner, 1935). The exact details of the process are difficult to observe 
because of the extreme minuteness of the structures involved. It has been known 
for a long time, however, that there are at no time cross walls separating the 
basidiospores from the basidium proper. This situation is easily comprehensible 
if one accepts the sporangiole theory of their morphological nature. 

The structure called the perispore by taxonomists corresponds to the wall 
of the sporangiole (figure 296, p) and the epispore is the true spore wall. The 
epispore often is characteristically sculptured by the action of the cytoplasm of 



Fig. 297. Schematic comparison of the development of an ascus of the Pyronema type (upper 
series) and the unseptate basidium (lower series). Explanation in the text. 


the sporangiole. The basidiospore, according to this theory, is not exactly 

homologous with the ascospore, but rather it corresponds to a sporangiole 

containing one ascospore. Likewise, the perispore of the basidiospore is not 

homologous with the perispore of the ascospore. The former represents the 

remains of the sporangiole wall, while the latter consists of the remains of the 
epiplasm. 

The evolutionary derivation of the basidium from the ascus seems the more 
probable if the development of each is compared. The cytological details of 
this process are similar up to the moment of spore formation (figure 297). The 
terminal cell of a dikaryotic hypha enlarges, the dikaryon fuses (figure 297, 
2, //), and then two or three nuclear divisions take place (figure 297, i-5, III-V). 

17 Gaumann 
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Not until then is there any difference in the morphological development of the 
two structures. In the ascus the spores are produced endogenously within the 
ascus, while in the basidium the spores are produced exogenously on the basi- 
dium itself, or endogenously within the sporangiole. 

The close identity of the basidium with the ascus is apparent for only one 
major type of basidium, namely that known as the holobasidium, autobasidium, 
or homobasidium (figure 306). Besides this common form, there is a second 
type known as the phragmobasidium, protobasidium, or heterobasidium, which 
probably was derived from the holobasidium type. These types of basidia 
possess longitudinal or cross walls (figure 381) which prevent their superficial 
comparison with the ascus because their main original features have been lost 
(figure 434). As the function and behavior of both types of basidia are so 
similar, a very close relationship must be assumed to exist between these two 
subclasses of organs although we know little at the present time concerning 

possible transitional types between them. 

2. The ascogenous hyphae of the Ascomycetes became nutritionally inde¬ 
pendent and evolved to become the binucleate mycelium of the Basidiomycetes. 

The ascogenous hyphae of typical Ascomycetes are not nutritionally inde¬ 
pendent, but are nourished by the associated haploid vegetative mycelium. 
However, in one group, the Ascocorticiaceae (figure 256), the ascogenous 
hyphae are free of the haploid mycelium and they form a physiologically inde¬ 
pendent binucleate structure. A similar situation certainly exists in some of 
the Taphrinaceae (figure 96), but this group need not be introduced into the 

present discussion. 

The independent binucleate mycelium is an exceptional case in the Asco¬ 
mycetes, but it becomes the rule in the Basidiomycetes. The vegetative myce¬ 
lium of the Basidiomycetes represents an independent dikaryophase in the life 
cycle of the organism and is homologous with the ascogenous hyphae of the 
Ascomycetes. If one carefully lifts a handfull of moss from a rich forest soil, 
he will find that the white fungal threads which intertwine with the rhizoids of 

the moss are almost always dikaryotic. 

For some unknown reason, the ascogenous hyphae continued their evolu¬ 
tion toward the type of the Basidiomycetes, and even their conjugation hooks 
become modified to the clamp connections typical of the Basidiomycetes as is 
illustrated by Helvelta crispa Fr. and Sderotinia trifoliorum Erikss. (figure 273). 
Wherever conjugation connections appear on the dikaryotic hyphae of the 
Basidiomycetes (figure 308), and this includes about half of the total number 
of species, they are the clamp type and are not the hooks of the typical Asco 

mycetes. . . ^ u 

3. The suppression of sexuality continues during the transition from t e 

Ascomycetes to the Basidiomycetes, 
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Almost all of those Ascomycetes descending from the Plectascales first lose 
the male sexual organs and then the female organs. Sexuality becomes reduced 
to somatogamous copulation of adjacent hyphae. Inasmuch as the Basidio- 
mycetes continue the evolutionary sequence, they also should develop this type 
of reproduction, and indeed this actually happens as will be seen from the later 
discussions. 


/ ir 






mm 


4. The asexual reproductive mechanism of the Ascomycetes continues un¬ 
changed in the Basidiomycetes. 

The asexual reproductive processes play an insignificant role in the life 
histories of the higher fungi. Identical asexual structures do not necessarily 
prove evolutionary relationship, but cer¬ 
tainly neither do they suggest the absence M M 

of such a relationship. It is worthy of 

mention that in certain Basidiomycetes we ny/ 

again find oidia of the Botrytis type, con- A'/O Tu A 

idiophores, gemmae, sclerotia, and other ; / 

structures identical to those found in the \ A j U ^ V I fj rl 

Ascomycetes. Yet these asexual structures f 1 ’ ilili t ^ 

tend generally to be suppressed in the Bas- \ Ty 111 fifli S P 

idiomycetes, and they are even lacking in Ai ® 11(1 I 

some groups. /jl jvi r f I ^ } 

The taxonomic arrangement of the Bas- um W/in Iff 

idiomycetes depends chiefly on the char- 
acteristics of their basidia. Corresponding 
to the two main types of basidia, the holo- ^ 
basidium and the phragmobasidium, two 
subclasses are recognized which are called 

the Holobasidiomycetes which were for- through the hy- 

menium of Dacryomyces aeliquescens Bull. 

merly called the Autobasidiomycetes, and x600. (From Dangeard, I895.) 
the Phragmobasidiomycetes which were 

formerly called the Protobasidiomycetes. There are other types of basidia 
besides these, but they are of lesser morphological significance. Without at¬ 
tempting to describe in detail additional types of basidia, mention should be 
made of the delicate, apically furcate basidium of Dacryomyces (figure 298) 
which produces only two sterigmata and two basidiospores (Bodman, 1938). 
Another interesting type of basidium is produced by TulasneUa (Rogers, 1932, 
1933) which lacks sterigmata and produces sessile basidiospores. These basidio¬ 
spores may germinate to form conidia. 


Fig. 298. Section through the hy- 
menium of Dacryomyces deliquescens Bull. 
x600. (From Dangeard, 1895.) 


Subdivisions of the Holobasidiomycetes and Phragmobasidiomycetes are 
based primarily on the structure of the fructification, basidium, and probasi- 
dium. The key presented below differentiates the orders described in the text. 
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A. Basidium not septate. 1. Subclass Holobasidiomycetes. 

B. Fructification a gymnocarp or hemiangiocarp. Basidia usually joined to the hymenium, 
Basidiospores forcibly discharged at maturity. 1. Order Hymenomycetes (page 217) 
BB. Fructification an angiocarp. Basidia irregularly distributed in the hymenium which dis¬ 
integrates at maturity. Basidiospores passively disseminated. 

2. Order Gastromycetes (page 295) 


AA. Basidium septate. 2. Subclass Phragmobasidiomycetes. 

B. Basidium usually longitudinally septate. 3. Order 7>e/we//(t7/e5 (page 317) 

BB. Basidium usually cross septate. 

C. Probasidium lacking, or if present usually not appearing as a resting spore. Fructifi¬ 
cations present. 4. Order Auricuhriales (page 320) 

CC. Probasidium present, usually appearing as a resting spore. Fructifications lacking. 

D. Probasidium developing as a teleutospore. Basidia usually of the typical 
Auricularia type. 51 Order Uredinales (page 325) 

DD. Probasidium developing as a smut spore. Basidia degenerate in form. 

6. Order Ustilaginales (page 355) 


Subclass 1. Holobasidiomycetes 

The life cycle of the Holobasidiomycetes proceeds as indicated by the dia¬ 
gram on page 260. There are two kinds of basidiospores which are identical 
morphologically but which are biologically different and are designated as the 


Dikaryolic 



Plasmogamy 



Fructification 



A and B types. Each type germinates to form a haploid mycelium which may 
continue to propagate asexually. Copulation occurs between the cells of adja¬ 
cent hyphae, providing they originated from biologically different basidiospores. 
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This somatogamous copulation occurs usually while the mycelia are young. 
The paired nuclei continue to divide simultaneously and the resultant mycelium 
is dikaryotic. The nuclei comprising the dikaryon undergo conjugated divjdons 
through the mechanism provided by the clamp connection (figure 368) and 
fructifications are then produced year after year. The fructifications produce 



Fig. 299. Young fructification of Coprinus lagopus Fr. a young stage, d and e beginning of 
elongation. Natural size. (From Borriss, 1934.) 


basidia within which karyogamy and 
meiosis take place. Basidiospores of 
both the A and B type are then pro¬ 
duced. 

Coprinus lagopus Fr., a species grow¬ 
ing on horse dung, reproduces according 
to the cycle described above (figures 299 
and 300). Some authors erroneously 
have designated this species as Coprinus 
f^metarius Fr. The sexual c^'cle may be 
completed in only ten days ( Bensaudf. 
1918; Bruns wik, 1924; Hanha, 1925; 
Newton, 1925: Oort^ 1930: Bulle r, 
1931; Brqdie, 1932, 1936; Chow, 1934). 

As in most of the Holobasidiomy- 
cetes, only four basidiospores are pro¬ 
duced by each basidium because the 
third division of the nuclei is suppressed. 
Under favorable conditions, the bas¬ 
idiospores germinate to form haploid 
mycelia, the so-called primary mycelia 
(Kaufmann, 1934), whose hyphae are 



Fig. 300. Fructification of Coprinus 
lagopus Fr. with the expanded cap. Natural 
size. (From Buller, 1924.) 
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delicate and initially multinucleate (figure 301, 7). Septae form later and the 
cells then appear uninucleate. 

Asexual fruiting forms develop as short lateral branches which function as 
oidiophores. The oidiophore in turn produces a cluster of short hyphae which 
break up into uninucleate oidia (figure 301, i). Other Holobasidiomycetes, for 
example Trametes radlciperda Hart., produce true conidiophores and conidia 
of the Botrytis type (figure 270). 



Fig. 301. Primary mycelium of Coprinus lagopus Fr. 1 basidiospore sp germinating to form 
a coenocytic mycelium. 2 hypha with young lateral branches which will break up to form oidia. 
3 oidiophore and oidia. /, 3 x 1400; 2 x 1730. (/, 3 from Bensaude, 1918; 2 from Chow, 1934.) 

The sexual difference between the A and B strains of Coprinus lagopus Fr. 
is governed by two genetic pairs of factors designated as Aa and Bb in accord¬ 
ance with the usual dihybrid scheme. The diploid basidial nuclei contain the 
chromosome factors AaBb, Segregation occurs during the formation of the 
four basidiospores, and these spores have the factors AB^ Ab, aB^ and ab, 
therefore each basidiospore produced by a basidium represents a different 
genotype, a situation which is sometimes referred to as tetrapolarity. Any 
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one of the four possible races of hyphae which they produce is able to copulate 
with only one of the remaining three types, because hyphae containing the 
same factor are sexually incompatible. For example, race AB may copulate 
with ab. If meiosis is interrupted then only two types of nuclei are formed 
which are either AB AB ab ab or Ab Ab aB aB. In this instance, the mycelia 
are said to be bipolar. 



Fig. 302. Somaiogamous copulation between two genotypically different mycelia of Coprhtus 
lagopusFr, plasmogamy. newly formed dikaryon. xabout200. (Modified from Buller, 1931.) 

The tetrapolar condition is the more common in the Holobasidiomycetes 
(Kniep, 1928; Quintanilha, 1933, 1935, 1944). Typical examples are Poly- 
stictus versicolor (L.) Fr., Schizophyllum commune Fr., Stereum purpureum (Pers.) 
Fr., and also a few of the species of Aleurodiscus, Armillaria, Coprinus, Hypho- 
loma, Peniophora^ Pholiota, and of other genera. 

Sexual differentiation is determined by a single pair of genetic factors, Aa, 
which segregate and recombine in accordance with the usual scheme of a mono¬ 
hybrid cross in Coprinus radians (Desm.) Fr. (Vandenries, 1924), Coprinus 
Rostrupianus Hans. (Newton, 1926), in a few species oi Hydnum (Fries, 1941), 
and in a few others. The hyphae, therefore, are bipolar and regularly pro¬ 
duce only two genetic types of basidiospores. 
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There are exceptional instances in which the mycelium is homothallic. 
This condition is represented by Coprinus sterquilinus Fr., Corticium terrestre 
Kniep, and Corticium coronilla v. H. and L. (Biggs, 1938). These species, which 
will be described later, produce but one genetic type of basidiospore. 

Somatogamous copulation occurs in Coprinus lagopus Fr. between hyphae 
of different genotypes. The details of the process depend on the age of the 
hyphae. If the cells are very young, the process occurs as indicated in figure 302. 
Two hyphal tips copulate and the nucleus of one migrates into the other. The 

binucleate cell then proceeds to develop a dikar- 
yotic mycelium. The germination tubes of the 
conidia also may copulate (figure 303). 

The entire mycelium may become dikaryotic 
by the following interesting process (figure 304). 
One or more nuclei may enter the mycelium by 
plasmogamous copulations occurring at different 
locations, and the entering nuclei may wander 
from cell to cell, dividing on the way until every 
cell of the mycelium contains an additional nuc¬ 
leus of the opposite type. Several days may pass 
before the entire mycelium becomes dikaryotic 
by this process. The nuclear pair in each cell 
arranges itself in a dikaryon, and proceeds to 
undergo active division. Then conjugated divi¬ 
sions occur by means of the clamp connections 
developed on lateral branches. In this manner, 

two adjacent haploid mycelia become dikaryotic 

« 

by an entirely isogamous process. 

In the genus Typ/iw/a (Lehfeldt, 1923; MacDonald, 1934, Noble, 1937), 
the nuclei forming the dikaryon must not only be of different genotypic forms, 
but they must differ in some other way as well if they are to arrange themselves 
in a dikaryon. The nucleus migrates through the thallus by the successive dis¬ 
solution of the intervening cell walls, and undergoes occasional division during 
its journey. Finally, the daughter nuclei find other nuclei physiologically suit¬ 
able for dikaryon formation. When this occurs, clamp connections are pro¬ 
duced and the sexual process is soon completed. 

Plasmogamy in Typhula, as well as in Neurospora (figure 187), takes place 

in two stages. First, there is copulation and the male nucleus migrates into the 
female hypha, and second, there is the actual coupling of the nuclei to form 
the dikaryon. This occurs only when the male nucleus has arrived at the proper 
place in the thallus. Although the place at which the male nucleus enters the 
thallus may vary in Neurospora, the formation of the dikaryon occurs only in 



Fig. 303. Somatogamous co¬ 
pulation of oidia o with a geno¬ 
typically different hypha, in Copri¬ 
nus lagopus Fr. x 400. (From 
Brodie, 1931.) 
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a definite cell, namely the ascogonium. In forms of the Typhula type, neither 
copulation nor dikaryon formation takes place in special cells, but both may 
occur in any cell and at any time. Actually, the details of the somatogamous 
copulation in Coprinus lagopus Fr. and in other tetrapolar Holobasidiomycetes 
are considerably more complex than indicated in the above discussion. 

One of the difficulties in studying the process is due to what might be called 
illegitimate copulation. If, for example, two haploid mycelia possess one factor 



Fig. 304. Dikaryotization of the growing hyphae of Coprinus lagopus Fr. /copulation areas. 
x88. (From Buller, 1931.) 

in common as in the cross AB xAb or in aB xab, and if the cells are young, 
the rule that they should repel each other is ignored and copulation occurs, 
quite contrary to genetic theory. The resultant dikaryon is abnormal however, 
and the clamp connections which are formed later are also abnormal. The 
number of clamps is increased, at least in Schizophyllum commune Fr. and in 
Collybia velutipes Curt. (Heldmaier, 1929), by such inorganic poisons as po¬ 
tassium dichromate and lead nitrate, and also by abnormally low and high 
temperatures. Perhaps this abnormal sexual phenomenon produces chimeras. 
If illegitimate copulation occurs between such nuclei as AB and Ab (Oort, 
1930), the fructification produces basidia which form either four AB or four Ab 
basidiospores, and no new genotypes result. 
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A second difficulty arises from the geographical eccentricities of the different 
races. An AB strain of Coprinus lagopus Fr. from England may copulate not 
only with an ah strain from Canada, but also with the remaining AB^ Ab^ and 
aB strains provided that they are of Canadian origin (Hanna, 1925). Single¬ 
spore cultures from various 



Fig. 305. Autogamous pairing of nuclei in the ger¬ 
mination hyphae of Coprinus sterquilinus Fr. sp germi¬ 
nated basidiospore. AB dikaryons just forming, x 570. 
(From Buller, 1931.) 


regions therefore may be com¬ 
pletely interfertile. 

A third difficulty is concern¬ 
ed with the so-called Duller 
phenomenon. Normal dikary- 
otization may occur between 
adjacent haploid mycelia. If 
a dikaryotic mycelium possess¬ 
ing nuclei of the Ab and aB 
strains encounters a haploid 
mycelium whose nuclei are the 
Ab type, then illegitimate cop¬ 
ulation may occur. From the 
dikaryotic mycelium, compat¬ 
ible nuclei of the aB type may 
migrate into the haploid hypha 
and form a dikaryon of the 
normal type. It appears from 
this abnormal behavior that 
dikaryotic mycelia are not ne¬ 
cessarily sexually neutral. 

The processes described 
above, and such other anoma¬ 
lies as the delay of sexuality 
during the development of the 
mycelium, illustrate how far 


sexual differentiation in the 


Holobasidiomycetes has deviated from typical bipolarity. Somatogamous copu- 
lation itself may be lost. Typically, two hyphae come together and exchange 
nuclei, which later produce the dikaryons, but in a few types of Holobasidio¬ 
mycetes the copulation of hyphae has been eliminated completely from the 

life cycle. . 

The four basidiospores produced by the basidium of Coprinus sterquilinus 

Fr. germinate to form coenocytic mycelia in the normal manner (figure 305). 

Nuclear division begins earlier or later in the disharmonic hyphae, and the 

daughter nuclei are predetermined to be either relatively + or relatively . 
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Therefore, the physiological provision for the production of nuclear pairs is 
provided. The originally multinucleate mycelium later becomes binucleate 
(Brunswik, 1924; Buller, 1931). 


The instability of the nucl¬ 
ear behavior described above 
may be studied experimentally 
(Harder, 1926). For example, 
if one of the nuclei of the di- 
karyon of Coprinus sterquilinus 
Ft. is removed by a micromani¬ 
pulator during the process of 
clamp formation, the resultant 
uninucleate cel! first develops a 
uninucleate, haploid mycelium, 
but later the binucleate condi¬ 
tion is regained spontaneously 
and normal fructifications are 
produced. Obviously the sexual 
function of the removed nucl¬ 
eus is performed later by a 
daughter of the remaining 
nucleus. 

A similar spontaneous 
transformation of a haploid 
to a dikaryotic condition has 
been observed to occur over 
a period of a few weeks or 
months in certain strains of 



Coprinus radians (Desm.) Fr. Fig. 306. Development of Corz/c/wm/errofrt'Kniep. 

(VaNDENDRIES, 1925), /-2 karyogamy. 3-5 development of the tetrasporate 

. basidium. (5-7 the nucleus of the basidiospore divides and 

Rosttupianus Hans. (Newton, then forms a dikaryon even while the basidiospore is still 

1936), and in Coprinus mica- attached to the sterigma. 8-Ii the binucleate basidio- 

CCUS (Bull ) Fr (VaNDFNDRIES spore germinates to produce a dikaryotic mycelium in 

Q ’ which the divisions of the nuclei of the dikaryon proceed 

simultaneously. xaboutlOOO. (From Kniep, 1913.) 

In Corticium terrestre 


Kniep (Kniep, 1913) and in Coniophora cerebella Alb. and Schw. (Kemper, 
1937), the divisions of the incongruent nuclei, which lead to the formation of 
the dikaryons, regularly take place in the young basidiospore (figure 306,6-7). 
The haploid phase therefore is suppressed, and the development proceeds 
diplobiontically as in Taphrina potentillae (Farl.) Joh. 

All of these species of Corticium, Coniophora, and of some other genera are 
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autogamous since they do not require another individual to complete the nuclear 
changes associated with reproduction. These forms produce the condition 
necessary for the required new nuclear combinations within their own thalli. 
In both of the forms described above, the degenerate sexuality represented 
by somatogamy and autogamy suggests the evolutionary descent of the Holo- 
basidiomycetes directly from the higher Ascomycetes of the evolutionary the 
level of the somatogamous Humaria rutilans (Fr.) Sacc., Peziza vesiculosa 
Bull., and Morchella conica Pers., and the autogamous Morchella data Fr. 



Fig. 307. Haploid mycelium h and dikaryotic mycelium d of Panaeolus subbalteatus 
Both are in similar stages of development and are growing on malt-agar, x 90. (From Brodie, 


Berk. 

1935.) 


and Sclerotinia trifoliorum Erikss., and ideally from the Taphrinaceae of the 
type of Taphrina Johansonii Sad. and Taphrina potentillae (Farl.) Joh. The 
sexual organs are suppressed, but sexual processes of some type persist. 

A few Holobasidiomycetes have evolved to a higher evolutionary stage than 
that attained by the Ascomycetes named above because a special mechanism 
is no longer necessary to aid the production of nuclear pairs. In Coprinus 
lagopus Fr., the dikaryon does not form immediately after the somatogamous 
copulation, but the incoming nucleus wanders about in the hyphae for one or 
more days. This nucleus finally divides and its daughter nuclei form the di- 
karyons by associating with nuclear partners possessing the necessary genotypic 

differences. 

Copulation and subsequent dikaryon formation are associated even less 
closely in time and place in species of the Typhula type. In these forms, the 
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incoming nucleus wanders extensively throughout the hyphae before a suitable 
nuclear partner is found. 

In both of the instances described above, copulation does not lead directly 
to dikaryotization, but serves only as the beginning of the process. All orderly 
relationship between form, place, and time of the various phases of the sexual 
process has been abandoned. 





Fig. 309. Clamp formation in Coniophora 
cerebella Alb. and Schw. I beginning of clamp 
formation on a coenocytic hypha. 2 a double 
clamp. 3 a whorl of clamps. 4 clamp actively 
growing, x about 500. (From Kemper, 1937.) 


Fig. 308. Development of the clamp in Corticium varians Kniep and in Corticium serum (Pers.) 
Fr. Explanation in the text. 7, 2, 4, and 5 x500; 3 x 1000. (From Kniep, 1915.) 


Not only has the orderly sequence of the stages of the sexual process been 
lost, but the products of sexuality themselves have changed. The result of 
sexuality is not a fundamentally new type of tissue, but the mycelium continues 
to grow as usual after copulation has occurred (figure 307). In Coprinus lagopus 
Fr., even the haploid hyphae may become changed to dikaryotic hyphae. When 
special dikaryotic hyphae do develop as the result of dikaryotization, their 
external appearance is very similar to that of the haploid hyphae except that 
they are somewhat more vigorous and are not so sparingly branched. These 
dikaryotic hyphae form the so-called secondary mycelium. 

The major part of the life cycle of the Holobasidiomycetes consists of the 
dikaryotic secondary mycelium, in spite of the small morphological differences 
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which it exhibits. In many forms, it comprises the aerial mycelium which pro¬ 
duces the so-called clamp connections in the same general manner as do the 
Ascomycetes (figure 273). Before a nuclear pair divides, a small outgrowth 
forms in its vicinity. This small extension bends back toward the hypha and 
it then looks like a tiny handle (figure 308, 7). Both nuclei of the dikaryon 
migrate to the entrance of this small branch and there engage in a conjugated 
division (figure 308, i). The spindle axis of one nucleus remains just within the 
mother hypha while that of the other lies within the clamp but slopes toward 
the mother hypha. Two daughter nuclei migrate toward the tip of the hypha, 
one wanders in the opposite direction, and the fourth nucleus remains in the 
hyphal protrusion (figure 308, 4). The appearance of a cross wall directly below 
the place of attachment of the clamp cell separates the binucleate apical cell of 
the hypha from the as yet uninucleate subterminal cell. A second cross wall 
cuts off the now uninucleate clamp cell from the terminal hyphal cell. Then 
the tip of the clamp cell contacts the uninucleate subterminal cell of the mother 
hypha and the clamp cell nucleus enters (figure 308, 5). The dikaryon of the 

subterminal cell is thereby restored. 

In certain species, for example in Stereum hirsutum (Willd.) Fr. (Nisikado, 
1930) and Coniophora cerebella Alb. and Schw. (Greis, 1937; Kemper, 1937), 
the simple clamps described above are produced only by young mycelia; 
later in the growth period double clamps are produced (figure 309, 2), and 
still later the so-called whorled clamps (figure 309, 3) appear if the humidity 
of the atmosphere is not too high. Usually there is an association between 
nuclear division and the formation of whorled clamps in Stereum hirsutum 
(Willd.) Fr. Several nuclei in the multinucleate h/pha divide synchronously, 
and the correspondingly numerous spindles lead to multiple clamp production. 
In Coniophora cerebella Alb. and Schw., on the other hand, the relationship 
between clamp formation and nuclear division is lost. The number of nuclei 
migrating into the clamps is variable, also the nuclei do not regularly move into 
the subterminal cell of the mother hypha but sometimes remain in the clamp 
itself. In such instances, new hyphae are produced (figure 309, 4) by the deve¬ 
lopment of the clamp cell. 

The functional importance of clamp formation is somewhat uncertain as 
also is the case with hook formation in the ascogenous hyphae of the Asco¬ 
mycetes. In some instances, clamp formation seems to depend on minor 
characteristics of the hyphae (Martens, 1932; Noble, 1937), as only the nar¬ 
rower hyphae within the fructification succeed in producing it. 

The secondary mycelium of Armillaria mellea (Vahl) Quel, (figure 310), o 
Merulius domesticus Falck. (figure 311), and of some other species produce 
rather complex strands of mycelium called rhizomorphs. Pseudoparenc ym 
atous resting mycelium, called the sclerotium, is produced by some species. 
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the sclerotia are very small and numerous, they are called bulbils. Both types 
are strongly cutinized and are very resistant to unfavorable conditions. 

The production of clamps, rhizomorphs, and sclerotia is not limited to the 
dikaryotic hyphae. Sometimes these structures also are produced by haploid 
mycelia, but in this case the behavior of the nuclei during clamp formation does 



Fig. 310. Section through the tip of a mycelial strand or rhizomorph of Armillaria melleu 
(Vahl)Quct. c loose gelatinous rind layer, m pseudoparenchymatous pith or core, o apical meristem 
or vegetative point. x225. (From Brefeld, in v, Tavel, 1892.) 

not follow the classical scheme illustrated in figure 308. This latter type of hook 
formation again emphasizes in a striking manner that the relationship between 
the morphological developmental rhythm and the behavior of the nuclei be¬ 
comes lost in the Holobasidiomycetes, even though originally in the evolu¬ 
tionary sequence the production of clamps was solely the privilege of the di¬ 
karyotic hyphae just as it was in the ascogenous hyphae of the Ascomycetes. 

A few species of Hygrophorus (Kuhner, 1926) and a race of the related 
Camarophyllus virgineus Wulf. (Bauch, 1926) are able to complete their life 
cycle apomictically in the haplophase. The basidiospores produce uninucleate 
clamp-less mycelia. The hyphae of the fructification also are uninucleate, and 
the uninucleate basidia are scattered through it. The nucleus in the basidium 
divides vegetatively and only two basidiospores are produced. 
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With the abandonment of sexuality, and the obliteration of the functional 
distinction of the haplophase and the dikaryophase, the haplophase not only 
assumes functions originally belonging to the dikaryophase butalso thedikaryo- 
phase assumes functions originally belonging to the haplophase. In this way, 
the dikaryotic mycelium of Pholiota aurivella Batsch. and Collybia velutipes 
Curt, forms oidia, that is to say, asexual fruiting forms produced normally by 
the haplont; the oidia may be dikaryotic or uninucleate as the result of segrega¬ 
tion of the nuclei. It is not possible to distinguish between the haploid and 




Fig. 312. Dikaryotic and haploid oidia 
produced by the dikaryotic mycelium of Pho- 
liota aurivella Batsch, x about 2000. (Mo¬ 
dified from Martens and Vandendries, 1933.) 


Fig. 311. A fragment of the rhizomorph of MeruHus domesticus Faick. h ordinary vegetative 
hyphae. / thick-walled fiber hyphae. g vessel hyphae. x about 240. (From Falck, 1912.) 


dikaryotic mycelia in many instances, at least without the aid of cytological 

examination or of a study of their genetic behavior. 

The dikaryotic mycelium of the Holobasidiomycetes expands at the end of 
the dikaryophase to form the fructification or sporocarp. This seems to occur 
as the result of some kind of vegetative stimulation such as, for example, the 
availability of an adequate supply of nitrogen. There need be no sort of sexual 
phenomena involved in the hyphae at the base of the structure as in the more 
primitive of the Plectascales and Pyronemaceae, or within its interior as in the 
Pezizaceae and Helvellaceae. The fructification may expand year after year 
from the same dikaryotic mycelium without any direct relationship to sexual 
phenomena. The fructifications, therefore, consist exclusively of dikaryotic 
hyphae and they differ from the fructifications of the Ascomycetes which are 
composed of a mixture of haploid and dikaryotic hyphae. The fructifications 
of the Ascomycetes contain only haploid hyphae when young, but dikaryotic 
hyphae intermix with these during a later stage of development (figure 276). 
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Even when the fructifications are produced purely vegetatively year after 
year from dikaryotic mycelium, and when sexual phenomena no longer take 
place within it, we still may be assured that somatogamous or autogamous 
copulation has occurred at least once in the mycelium, even though it may have 
happened during the previous year. Otherwise there is no other way to explain 
the presence of the dikaryons. 



19U8 mg f950 



Fig. 313. Diagrammatic comparison of the development of a Morchella (above) and of a 
Holobasidiomycete (below). Two basidiospores sp germinate to form a haploid mycelium h. In 
Morchella, these haploid mycelia produce the fructification, and they copulate somatogamously 
in each successive fructification. The copulation results in the development of dikaryotic ascogenous 
hyphae d. In the Holobasidiomycete, copulation occurs only once by plasmogamy P between the 
hyphae from germinating basidiospores. A dikaryotic mycelium d is produced which proceeds to 
produce fructifications vegetatively, year after year. 


The fructifications of the Holobasidiomycetes no longer exhibit sexual 
phenomena at a definite time and place during their life cycle, and they develop 
quite independently of sexual processes. These fructifications, therefore, are 
purely vegetative structures. This state of affairs is well illustrated by a com¬ 
parison of the development of the fructification of a Holobasidiomycete with 
that of a Morchella as represented in figure 313. The fructification of the Holo¬ 
basidiomycete develops from a dikaryotic mycelium resulting from copulation, 
but this one copulation suffices for the continuous and successive formation of 
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fructifications.^ Adequate nutrition induces the production of numerous fruc¬ 
tifications by vegetative processes. This is the situation that makes possible the 
commercial production of mushrooms. Morchella^ on the other hand, is haploid 
and there must be some stimulus for the production of fructifications other than 
favorable nutrition if successive fructifications are to appear. Sexuality in the 
form of somatogamous copulation must occur in each successive fructification. 
Morchella has never been successfully cultivated commercially because of the 
necessity for this continuous series of copulations. 

Although sexual processes may be said to degenerate in the Holobasidio- 
mycetes because they do not occur in definite cells, nor at specific periods of 
the life history, nor serve as the origin of definite structures, the fructifications 
of this subclass of fungi attain an advanced development. Their form and colo¬ 
ration often become so beautiful that they popularly are called fungus flowers. 
The progressive degeneration of sexuality, with the simultaneous morphological 
advance of the fructification, represents an evolutionary tendency perceptible 
throughout the fungi and has posed great difficulties in the development of the 

science of Mycology. 

The characteristics of the various types of fructifications will be described 
later in the discussions of the several groups and orders. It is important now 
to emphasize that millions of basidia are produced, and in each basidium, 
karyogamy and meiosis occur. Sexuality is completed by karyogamy within 
the basidium, but it is initiated by an earlier somatogamous copulation between 
hyphal cells. The entire life cycle of these fungi is included between the initial 

phase of the sexual process and its consummation. 

The developmental rhythm described pertains only to those forms exhibiting 
normal nuclear changes. As in the formation of clamps, rhizomorphs, etc., the 
production of fructifications by the Holobasidiomycetes is not the exclusive 
privilege of the dikaryotic hyphae. Haploid mycelium also may produce the 
fructification in some species. The morphological rhythm therefore takes place 
autonomously, even when the karyological rhythm which originally governed 

it has been lost. 

The developmental rhythm of the haplobiontic types may follow one of two 
sequences. In the haplobiontic strain of Schizophyllum commune Fr. (Wake¬ 
field, 1909; Kniep, 1928) and in a few species of Mycena (Kuhner, 1927; 
Smith, 1934), a haploid nucleus enters the young basidium and divides twice, 
forming four daughter nuclei. Each of these nuclei enters a developing basidio- 
spore. The four basidiospores and, in fact, all of the basidiospores produced 
in the fructification, therefore represent one genotype. In the haplobiontic 

1 Actually the mycelium of the cultivated mushroom is dikaryotic from the beginning because 
only two basidiospores are formed, and consequently two nuclei enter each asi lospore ( ass, 

1929; Buhr, 1932; Colson, 1935.) 
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strains of Coprinus lagopus Fr. (Hanna, 1928; Chow, 1934), and in Peniophora 
ludoviciana Burt (Biggs, 1938), on the other hand, two sexually similar nuclei 
enter the young basidium from the parent haploid hypha. This nuclear pair 
fuses, and then undergoes meiosis. The basidiospores therefore are genotypic¬ 
ally similar only with respect to sex. 

The structure of the basidia of the Holobasidiomycetes appears to be very 
similar in all species. Species with axially arranged nuclear spindles are called 
stichobasidial, and those possessing spindles arranged crosswise are said to be 
chiastobasidial (figure 306). Since both types of spindles may occur within a 
single genus in some families, only limited taxonomic use may be made of 
this character. 

In the more primitive forms, there are three nuclear divisions just as in the 
ascus, and eight basidiospores are produced. More commonly only two divi¬ 
sions of the nuclei take place and four basidiospores result (figure 306). In 
exceptional instances, there are only two basidiospores produced by each basi¬ 
dium, and in some species of Clavaria one nucleus appears in each of the two 
basidiospores, the others remain in the basidium, degenerate, and disappear 
(Bauch, 1927). In certain strains of Psalliota compestris (L.) Quel, and also of 
other species, two basidial nuclei enter each basidiospore, one of which soon 
disintegrates. The cells of the developing hypha usually contain from seven to 
eleven nuclei (Sass, 1929, 1936; Buhr, 1932; Colson, 1935). 

In conclusion, the four most significant features of the life cycle of the Holo¬ 
basidiomycetes may be summarized as follows. 

F T he sexual phenomenon embraces the entire life cycle of the organism. 
Also the unity of the sexual phenomenon was lost in the Euascomycetes wh^e 
plasmogamy and karyogamy become separated in both time and place. In the 
Holobasidiomycetes, these phases become even further separated until plasmo¬ 
gamy occurs in young hyphal cells. The dikaryophase, which lies between 
plas mogamy and karyogamy, exte nds through the entire life cycle. ' 

2. The sexual process not only be comes degraded in t ype , but also the result 
of ^exuali ty chan ges. In the higher Ascomycetes, the dikaryophase which re- 
sulted from copulation is recognizable morphologically as well as physiologi¬ 
cally because of the existence of ascogenous hyphae. On the other hand in the 
Holobasidiomycete s, the dika ryoti c myceli um is identical morphologicallTUd 
physiologically to the haploid myceliurn7The~dIkarvophase followFthe haplo- 
ph ase mer ely as the result of the inconspicuo^uTsomatogamous or autogamous 

copulation. One may not speak of an alternation o f generatio ns inlheHohl 
b asidionT ycetes, although it is true that the haploid and diploi jthalli ^Tn- 
dependent of each other. O ne must em ploy the rather vague terms of haolo- 
bi ontic and d jplobionti c in d escribing thelnuclear phas'es occurring in the lif^ 
cycle just as was done in speaking of the nuclear'ti^es'bnHlli in the Saccharo~ 
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mycetes. The Holobasidiomycetes differ somewhat from the Saccharomycetes 
in this respect because a true diploid thallus develops in the Saccharomycetes 
during a later stage, while in the Holobasidiomycetes only a dikaryophase exists. 

3. Or^ sexual act may produce many millions of basidiospores representing 
the end products of the process. As the nuclear pairs in the dikaryotic hyphae 
continue to divide indefinitely,In contradiction to the general concept of normal 
biological behavior, the actual effectiveness of the morphologically depressed 
sexuality is very great. In an ideal instance (figure 302), only one plasmo - 
gamous copulation occurs between the hyphae and only one dika ryon is pro¬ 
duced. The dikaryotic cell, however, may prgduce a secondary mycel ium which 
in turn may produce basidia year after year. A fructification of Fomes fome- 
tarius (L.) Fr. produces 9 to 18 billion basidiospores during a single summer 
(Buch WALD, 1938). Since the fructification may continue to renew its hymenium 
for 20 or more years, as many as 180 to 350 billion basidiospores and from 45 
to 90 billion basidia may be produced as the result of the single original copula¬ 
tion. Karyogamy, that is fertilization, occurs in each of these basidia, A single 
copulation in Fames foment arius (L.) Fr. therefore may result in billions of ferti¬ 
lizations. 

4. The insertion of the extended dikaryophase into the life cycle pr^ably 
is the most significant cause of the high morphological development of the 
Holobasidiomycetes. Every advanced morphological feature of these fungi is 
associated with the binucleate mycelium. In higher plants, and also in the 
animal kingdom, advanced forms are associated with the synkaryon because 
plasmogamy is followed immediately by karyogamy. Meiosis is separated in 
time and place from karyogamy, and for this reason the development of the 
diploid body becomes possible. The fu ngi have develo pe d al ong a ^mewhat 
different line because karyogamy and meiosis remain closely associated. Plas- 
mogamy and karyogamy become separated and the binucleate, or dikaryotic 
pha^ is inserted between these twa processes. Although-thc pair oTnuclei 

forming^he diT^ryoh functions as a physiological unit, it does notjTor^a 
morphological unit. The dikaryophase of the Holobasidiomycetes therefore 
represents a life form sui generis, and is analogous to the diplophase of the 

higher plants. 

The taxonomic divisions of the Holobasidiomycetes are evident from the 
following key: 

A. Fructification gymnocarpous or hemiangiocarpous. Basidia usually organized in a hymenium. 

Basidiospores actively dispersed when mature. Order I. Hymenomycetes (page 277) 

AA. Fructification angiocarpous. Basidia distributed irregularly or sometimes in a hymenium. 

Fructification disintegrating at maturity. Basidiospores passively dispersed. 

Order 2. Gastromycetes (page 295) 

The probable relationships between these two groups will be discussed in 
a later section. 
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1. Order Hymenomycetes 

The historic group of Hymenomycetes includes those Holobasidiomycetes 
which possess the following three characteristics: 

1. The basidia are arranged in a hymenium, a characteristic which gives the 
name to the entire group. 

2. The hymenium is gymnocarpous or angiocarpous, but in either case it 
is exposed at maturity, even by becoming separated from the tissue of the fruc¬ 
tification if necessary. 

3. The basidiospores are actively discharged when mature. 



Fio. 314. Dispersion of the basidiospores of Calocera cornea (Batsch) Fr. Explanation in 
the text. xll60. (From Buller, 1922.) 


A mechanism for the active dissemination of the mature basidiospores ap¬ 
pears in the Hymenomycetes and in the Phragmobasidiomycetes as well. A dia¬ 
grammatic example is presented in figure 314 (Buller, 1922; Lohwag, 1938). 
The sterigma on the developing basidium rises above the surface of the hyme¬ 
nium (figure 314, J—2) and cuts off a basidiospore at its tip. This process is com¬ 
pleted in about 40 minutes in the species represented in figure 314, 3-6. After a 
pause of about 40 minutes, a drop of water appears (figure 314, 7) at the hilum 
or the place of attachment of the basidiospore to the sterigma. The droplet attains 
its final size in about 10 seconds and separates from the sterigma, carrying the 
basidiospore with it (figure 314, 8-9). The sterigma then retracts (figure 314, 
10-11). The process is possible because there is a weak spot in the wall of the 
hilum corresponding to the line of fracture in the cap of the operculate Dis- 
comycetes. A rupture occurs at this spot because of the one-sided stress caused 
by the droplet. The distended sterigma bursts from internal water pressure and 
the basidiospore is projected through the layer of quiet air near the hymenium 
and is carried away by atmospheric convectional currents. 

The basidia of the simpler Hymenomycetes develop ordinary vegetative 
hyphae. In the higher forms, these hyphae are organized in fructifications whose 
development resembles that of the perithecial stroma in the Oomyces-Ascopoly- 
poru.<! group in the Clavicipitales (figure 217). The basidia-producing hyphae 
are arranged in a palisade layer which constitutes the hymenium, and hence 
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the name Hymenomycetes. The layer which produces the hymenium and sup¬ 
ports it is called the hymenophore. In the higher examples, the hymenophore 
is folded to form ridges, plates, etc., which considerably increase the effective 
fruiting area (Buller, 1909). The hymenium of Russula citrina Gillet is about 
seven times greater in area than if its surface were smooth. The folding of the 
hymenium increases the effective surface 10 to 12 times in Amanita rubescens 
Pers., about 13 times in Armillaria mellea (Vahl) Quel., from 17 to 18 times in 
Hypholoma sublateritium (Schaeff.) Quel., about 20 times in Psalliota campestris 
(L. ex Fr.) Quel., 38 times in Pomes igniarius (L.) Gillet, and about 164 times 
in Pomes applanatus (Pers.) Gillet. 

Agaricaceae 



1 

Discomycetes 


Fig. 315. The probable morphological relationships of the Hymenomycetes. 


An extensive and voluble literature has developed about the Hymeno¬ 
mycetes because so many of their representatives are edible. The present dis¬ 
cussion is based on only a few forms and on a few habit illustrations. Un¬ 
fortunately, the evolutionary origins of the described species, subspecies, and 
local strains of this group have not been studied adequately, consequently we 
must regard the following key to the families as a convenience rather than as 

an indication of inherent relationships. 

A. Endoparasites. Fructifications lacking. Family 1. Exobasidiaceae (page 280) 

AA. Fructifications usually present. 

B. Hymenophore smooth or only slightly undulate or warty. 

C. Fructifications flattened, lying resupinate on the substratum. 

Family 2. Corticiaceae (page 282) 

CC. Fructifications bracket-like, laterally attached or erect, bent upward at the margin 
to form a cup. Family 3. Thelephoraceae (page 283) 

CCC. Fructifications usually erect, club-shaped or branched. 

Family 4. Clavariaceae (page 285) 

BB. Hymenophore with definite foldings, ridges, or pores. 

C Hymenophore bearing spurs, teeth, etc. in typical examples. 

Family 5. Hydnaceae (page 285) 

CC. Hymenophore, in typical cases, tubes, pores, or honeycomb-like, bearing the hyme¬ 
nium on the inner surfaces. Family 6. Polyporaceae (page 285) 

CCC. Hymenophore, in typical cases, in plates which bear hymenium on both sides. 

Family 7. Agaricaceae (page 288) 
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The first six families in the key often are grouped together in the order 
Aphyllophorales because their hymenophores do not form plates or lamellae, 
and when this characteristic is emphasized, they do differ from the gill fungi 
of the Agaricaceae. If this distinction is made, the Agaricaceae would be classed 
in a special order, the Agaricales. The first six families form a more or less 
unified group in that their trama continues unchanged into the ground tissue 
of the fructification while in typical examples of the Agaricaceae, or Agaricales 



Fig. 316. Section through the hymenium of 
Kordyana polliae Gm. on the lower surface of a 
leaf of PoUia sorzogonensis Endl., a tropical spe¬ 
cies of Commelinaceae. b young and mature ba- 

sidia. /7a/- paraphyses. x350. (From Gaumann 
1922.) 



Fig. 317. Section through a group of 
basidia of Exobasidium vaccinii Wor. showing 
young and mature basidia. x 620. (From 
WORONIN, 1867.) 


if this term is preferred, it is visually distinguishable from other tissues of the 
cap. Many Agaricaceae, moreover, show a closer relationship to the more 
primitive Gastromycetes than to the Aphyllopharales, and they could reason¬ 
ably be grouped in the separate order Agaricales along with the Secotiaceae 
and Podaxaceae. 

A further difficulty in the taxonomic arrangement of the Hymenomycetes 
is posed by the so-called convergence phenomenon. The same type of hymeno- 
phore appears at various places in the Hymenomycetes. For example, the 
hymenophore of some types of Polyporaceae, or pore fungi, exhibit larnella- 
hke ridges as in Trametes (figure 335), and certain Agaricaceae, or gill-fungi, 
may possess a loosely articulate hymenophore as in Boletus. Hence, not all 
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gill-fungi belong to the Agaricaceae, and not all pore-fungi belong to the Poly- 
poraceae. These eccentric examples probably are transitional stages in the 
evolutionary divergences now taking place in the older families, but which have 
not yet having progressed far enough to establish well defined groups. 



Fig. 318. Brachybasidium pinangae (Rac.) Gm. 
on a leaf of Pinanga Kuhlii Bl. Section through a 
sorus of probasidia pr which have extruded from the 
hyphal ball through a stoma, b basidia. sp basidio- 
spores. X 570. (From Gaumann, 1922.) 



Fig. 319. Brachybasidium pinangae (Rac.) Gm. 
1 young probasidium containing a dikaryon. 2 karyo- 
gamy. 3 the probasidium pr germinating to form a 
basidium b. 4~5 stages of meiosis occurring in the 
basidium. 6 young basidium with two basidiospores. 
x730. (From Gaumann, 1922.) 


Family 1. Exobasidiaceae 

All of the Exobasidiaceae are 
endoparasites. Their biological 
effects resemble those of the 
Oomycetes. Some species, such 
as those of the genus Kordyana^ 
kill their hosts just as Pythium 
does, while the members of other 
genera, such as Exobasidium^ stim¬ 
ulate the infected tissue to pro¬ 
duce abnormal growth, galls, and 
witch’s broom as do many species 
of Peronospora and Albugo. 

In Kordyana (figure 316), the 
basidia are scattered in a mixed 
tuft of paraphyses and hymenial 
hyphae extruding through the sto¬ 
mata of the host plant. In Exo- 
basidium (figure 317), the basidia 
push outward between the epi¬ 
dermal cells and form a delicate 
white film on the lower surface 
of the leaf reminiscent of the as- 
cus hymenium ofTaphrina. There 
are from two to six basidiospores 
produced by each basidium in 
both Kordyana and Exobasidium. 
The basidiospores may germinate 
to sprout mycelia. The basidio- 
spore of Exobasidium forms from 
one to three cross walls before 
actual germination begins. 

In Brachybasidium, a genus 
found in Java (Gaumann, 1922), 
karyogamy is separated from 
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meiosis as it is in Taphrina deformans (Berk.) Tul, (figure 97), and as it will be 
observed later in Vuilleminia (figure 324) in the Corticiaceae, and still later in 
very special representatives of the Phragmobasidiomycetes. The basidium nor¬ 
mally is the site of karyogamy, as is the ascus, and also of reduction division. 




Fig. 321. Crusty fructification of Coriicium evolveus 
Fr. on a piece of wood. Natural size. (From Cool and 
VAN OER Lek, 1935.) 


Fig. 320. Section through the loose basidia-bearing hyphal layer of Corticium subtile Schroet. 
h basidium. sp basidiospores. gl gloeocystidium. x530. (From Harper, 1902.) 



Fig. 322. Development of the cystidia in Peniophora Uvula (Fr.) Burt. I~2 a young cystidium 
with a fusion nucleus from the hymenium. b young basidia. 3~5 the cell wall becomes thicker in 
the upper part and the cell contents become thin and disappear. x550. (From Whelden, 1936.) 
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In Brachybasidium^ the end of the fertile hypha first enlarges, and karyogamy 
takes place within it (figure 319, 1-2) before it actually becomes a basidium. 
After karyogamy, the development continues until the cell becomes a true 
basidium (figure 318), and not until then does meiosis occur (figure 319, 4-6), 
The early thin-walled, but morphologically distinguishable cell in which karyo¬ 
gamy takes place is called the probasidium or hypobasidium. A similar struc¬ 
ture will be recognized later as the teleutospore of the rust fungi. 



Fig. 323. 1 section through the hymenium of Peniophora chaetophora v. H. and L. 2 hy- 

menium of Aleurodiscus amorphus (Pers.) Rabh. 3 hymenium of A/eurodiscus sparsus (Berk.) v. H. 
and L. 4 hymenium of Epithele typhae (Pers.) Pat. c cystidia. ps pseudophyses. gl gloeocystidia. 
5 setae, d dendrophyses. 1 x200; 2 x380; 3 x340; 4 x255. (From von Hohnel and Litschauer, 
1906, 1907.) 


Family 2. Corticiaceae 

The genera Corticium (including Hypochnus or Tomentelld) and Peniophora 
represent the most primitive evolutionary types of the Corticiaceae. Their 
basidia develop either directly on a webby or loose mycelium (figure 320), or 
on a thick interwoven mycelium forming a crusty fructification overlying the 
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substratum (figure 321). The structural details resemble those of Ascocorticium 
(figure 256). In Coniophora, the fructification retains a felt-like leathery texture, 
and in Aleurodiscus (Pilat, 1926) it often rises to form a cup-shaped structure 
on the substratum. 

There often are sterile hyphae of unknown function which push upward 
between the basidia and which are called cystidia (figures 322 and 323). There 
are other sterile elements called pseudophyses (figure 323, ps), and dentate 
dendrophyses (figure 323, d). Probably all three of these types of sterile hyphal 



Fig. 324. Development of the basidium of Vuille- 
minia comeUens (Nees) Maire. / growing probasidium 
pr. 2-4 stages in the development of the basidium b. 
X about 500. (From Maire, 1902.) 


Fig. 325, Fructification of vel/ereu/n Berk. 

About 3/4 natural size. (From Cleland, 1935.) 



ends represent abortive basidia. Other sterile hyphae originating in the sub- 

hymenial tissue are filled with an oily wax-like substance and are called gloe- 

ocystidia (figures 320 and 323, gl). In Epithele, tufts of sterile bristle-like hyphae 

called setae arise in the subhymenium and protrude beyond the hymenium 
(figure 323, s). 

The genus Vuilleminia (figure 324) represents a side line of evolutionary 

development. Morphologically, this genus is at the Corticium level. Karyo- 

gamy no longer occurs in the basidium but in a probasidium as in Brachy- 
basidium (figure 319). 


Family 3. Thelephoraceae 

The Thelephoraceae (Burt, 1926), like the Cortieiaceae, possess the usual 
types of sterile inclusions in the hymenium, such as cystidia, setae, etc., but the 
form of the fructification is no longer determined by the form of the substratum. 
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The fructifications of one group of genera, namely those of Stereum (figure 
325), Hymenochaete and Thelephora^ usually are tenacious leathery brackets 
borne laterally on the substratum. Their shapes frequently are dependent on 
the substratum, for example they are resupinate if produced on a horizontal 
surface but are bracket-like and dorsiventral when growing on a perpendicular 
one. In the latter case, the hymenium is on the lower surface of the fructifi¬ 
cation. 



Fig. 326. I habit of Cyphella sulphurea Fr. 
2 habit of Cyphella albo-carnea Quel, x about 15. 
(From PiLAT, 1925.) 


Fig. 327. Section through the fructi¬ 
fication of Solenia anomala Pat. x about 
25. (From Greis, 1938.) 


The fructifications of another group, Cyphella (figure 326) for example, bend 
upward to form cup-like structures which represent convergence forms corres¬ 
ponding to the similarly shaped fructifications of the Pyronemaceae and Peziz- 
aceae (figure 242). In fact, the similarity is so great when the fructifications are 
immature that several of the Thelephoraceae have been described as species of 
Peziza, or of other wholly unrelated genera. In Solenia (figure 327), the fructifi¬ 
cation appears as a tube if viewed from above, and as the fructifications of this 
genus tend to be produced in clusters, the entire mass resembles the hymeno- 
phore of a resupinate species of the Polyporaceae. The genus Fistulina, which 
usually is included in the family Polyporaceae, might be regarded quite cor¬ 
rectly as Solenia in which the individual fructifications cover both the upper 
and lower surfaces, as well as the stalk, of the cap-like hyphal mass (Lohwag 

and Follner, 1936). 
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Family 4. Clavarlaceae 

The fructifications of the Clavariaceae are elevated above the substratum 
and are completely covered with a usually smooth hymsnium. 

In Pistillaria and Typhula (Remsberg, 1940), the fructifications are club- 
shaped as in Geoglossum (figure 277). They develop into sclerotia in Typhula. 
In Clavaria (Coker, 1923) they become coral-like or antler-like (figure 328). In 
Sparassis (figure 329), they are like bands or are leaf-like in appearance. 


Family 5. Hydnaceae 

The hymenophore of 
the Hydnaceae (Miller, 
1933; Brown, 1935) 
folds to form worts, 
spines, teeth, etc. The 
fructifications of the sim¬ 
pler forms, such as of 
Odontia, are resupinate 
and Corticium-WkQ, and 
are not extensively sculp¬ 
tured. In the genus Hyd~ 
num, the fructifications 
vary from resupinate (fig¬ 
ure 330) and bracket- 
shaped types to those 
with a centrally stalked 
cap (figure 331). These 
various types of fruc¬ 
tifications are extensive¬ 
ly and characteristically 
sculptured. 


Family 6. Polyporaceae 

The simpler Poly¬ 
poraceae (Bondarzew 
and Singer, 1914) pos¬ 
sess a crusty fructifica¬ 
tion like that of Corti- 



Fig. 328. Fructification of Clavaria amefhystina (Batt.) 
Pers. ^4 natural size. (From Cokfr, 1923.) 







About 2;, natural size. (From Krieger. 1936.) 
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Eici. 330. Crust-like iVuctilication of Hydniini eritiaceus Bull., with spines from one to two 
centimeters long. The structure is hanging downward from a limb of a tree. ^4 natural size. (From 
Atkinson. 1911.) 



Fig. 331 . Cap-like fructification of Hydnum repandum L. with a spiny hymenophore. Natural 
size. (Photograph by Photographic Institute E.T.H.) 
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cium. The hymenophore is bent in folds as in many species of Merulius 
(figure 332). The hymenophores of the more advanced genera are tubular, 
or more rarely they are laid down in irregular lamellae as in Daedalea and 
Lenzites. In some cases they are honeycombed as in Favolus. 



Fig. 332. Crusty fructification of Merulius domesticus Faick, the dry rot fungus. ^, natural 
size. (From Falck, 1912.) 




Fig. 333. Diagrammatic section through the 
(From Corner, 1932.) 


cap margin of Polystictus xanthopus Fr. 


X about 


In Poria, the fructification is still crusty as in Polvporus (Oehm 1933 ) Polv 

sta tus. Pomes (figure 334) and Trametes (figure 335), and it usually appears as 

a lateral bracket. Only rarely is it a stalked cap. The fructifications of Poly- 

W and Polystictus are produced annually, but they are perennial in Pomes 

and Trametes. The perennial types which function year after year become 

punky or woody in their interior, and annual growth rings of newly formed 
hymenophores are evident. 
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Fig. 334. Section through a fructification of Fomes applanatus (Pers.) Gillet which is three 
years old. The youngest hymenium has disseminated basidiospores for about six months. U natural 
size. (From Buller, 1922.) 



Fic;. 335. Fructification of Trametes quercina (L.) Pil. Natural size. (From Pilat, 1942.) 


Family 7. Agaricaceae 



The fructifications of the six families described above are exclusively gymno- 
carpous, and the hymenium is laid down on the immature exposed hymenophore, 
usually while it is yet smooth. The hymenophore folds and bends to form teeth, 
spines, pores, etc. The developing hymenium continually is being penetrated 
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and interspersed with newly formed hyphal elements (figure 333). One may find 
within a single fructification hymenial components in all stages of maturity. 
However, the complete hymenium develops essentially at one time in the usually 
stalked caps of the Agaricaceae, or gill fungi (Singer, 1936). The hymenial 
elements therefore are all of about the same age. The young hymenophore may 
be either gymnocarpous, or hemiangiocarpous within the body of the fructifi- 



I-iG. 336. Four stages in the development of the fructification of Boletus flavus With. The 
palisade is developing which will later produce basidia, cystidia, etc. The palisade layer is indicated 
by the short parallel lines hy. \p velum, x about 20. (From Kuhner, 1926.) 

cation, but one should not ascribe too great an importance to this difference 
in the structure of the fruetification (Corner, 1934). 

A few species are gymnocarpous in the genera Hygrophorus (Douglas, 
1918), Entoloma (Douglas, 1918), Lxictarius (Kuhner, 1926), Lactariopsis 
(Heim, 1937), Thcholoma (Kuhner, 1926), Collybia (Moss, 1923), and Boletus 
(Zeller, 1914; Kuhner, 1927; Elrod and Snell, 1940). The hymenium is 
produced exogenously in these species (figure 336), and the edge of the cap rolls 
inward toward the stalk during early youth permitting the interweaving of its 
hyphae with those of the stalk. The hymenium is completely enclosed as a re¬ 
sult of this over-arching and interweaving, but becomes exposed again by the 
subsequent expansion of the cap. 


19 Gaumann 
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By far the greater number of Agaricaceae are hemiangiocarpous. The 
hymenium is laid down endogenously within the body of the fructification. 
Later, through the expansion of the cap and the consequent rupture, and hy¬ 
menium is exposed. The final stage resembles that of the gymnocarpous forms, 
even though it is attained by a different process. 



Fig. 337. Diagrammatic longitudinal section through two hemiangiocarpous fructifications 
of the Agaricaceae. 1 an example with transient universal veil. 2 an example with a persistent uni¬ 
versal veil 2a a young stage and 2b the stage after the rupture of the universal veil by the expanding 
cap. vp inner veil, vu universal veil, v volva. / remainder of the universal veil on the cap. ar man- 
chette or armilla. (From Fischer, in Gaumann, 1926.) 



Fig. 338. The annular cavity r is beginn¬ 
ing to form in the young, ball-shaped fructifi¬ 
cation of Psalliota campestris (L.) Quel, vu 
universal veil, x about 30. (From Atkinson, 
1906.) 


The general types may be recogniz¬ 
ed by the manner in which the tramal 
plates, or gills, are formed. These types 
may be designated as the Psalliota, Co- 
prinus, and Amanita types. 

Representatives of the Psalliota type 
are Armillaria (Atkinson, 1914), Plut~ 
eus (Walker, 1919), Lepiota (Atkin¬ 
son, 1914; Greis, 1937), Psalliota 
(Atkinson, 1906), Agaricus (Atkinson, 
1914, 1915; Hein, 1930), Stropharia 
(Zeller, 1914), Hypholoma (Allen, 
1906), Panaeolus (Kuhner, 1926), Ino- 
cybe (Douglas, 1920), and Pholiota 
(Sawyer, 1917). The ground tissue in 
the young hyphal mass at the upper end 
of the stalk receeds in one place after 
another until an annular cavity is form¬ 
ed (figures 338 and 339). The lamellae 
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Fig. 339. Early stage of the development of the annular space /• in Psallioia campestris (l..i 
Quel. xabout 300. (From Atkinson, 1906.) 


of the hymenophore then grow downward from the upper surface of this 
cavity (figure 340). The tissue connecting the margin of the cap to the stalk 
is called the inner veil (figure 341). In certain species, this tissue is evanescent 
and no longer can be distinguished after the expansion of the cap. The inner 
veil is persistent in other species and is 
ruptured by the expansion of the cap (fig¬ 
ure 342). The part that remains is called 
the ring or annulus (figure 343). Some¬ 
times, especially in Armillaria, the annulus 
separates from the margin of the cap and 
also from the stalk. This loose tissue is 
then called the movable ring. 

The annular space in the Coprinus 
type (Atkinson, 1916; Johnson, 1941) is 
sharply angular in configuration around 
the stalk (figure 337, 2, a). The enlarging 
lamellae push downward from the upper 
surface of the cap cavity into the cavity 
itself until their margins contact the outer cortex of the immature stalk. The 
hyphae of the lamellae then interweave with those of the stalk (figure 344) 
so that their tramata finally are attached not only at their bases to the cap, 
but also by their tips to the stalk. The plane of the union of the tramata 
with the stalk is ruptured when the cap expands. 

In the Amanita type (Atkinson, 1914) this bilateral development of the 



Fig. 340. Early stage of lamella for¬ 
mation in Psalliota campestris (L.) Quel. 
vp inner veil, x about 80. (From Atkin¬ 
son. 1906.) 
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lamella exists from the beginning. The lamellae no longer expand into an indi¬ 
vidual annular cavity, but the ground tissue of the cap receeds to form numerous 
narrow cavities radiating from the center. The tissue between these cavities 



Fig. 341. Attachemenl of the inner veil \p to the stalk if in Psalliota campestris (L.) Quel. 
/ lamella, r annular cavity. about 200. (From Atkinson, 1906.) 



fig. 342. Young fructification of Psalliola campestris (L.) Quel, at the period of expansion 
of the cap. Natural size. (From Atkinson, 1906.) 
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Fig. 343. Completely expanded fructification of 
PsaUiota campestris (L.) Quel, with the remainder of 
the inner veil around the stalk. Natural size. (From 
Atkinson, 1906.) 


becomes more densely packed and forms the lamellae by the lime the hyphae 
have disappeared from the cavities (figure 345). Since the cap in these forms, 
as in Coprinus, is developed in a sharp angle with respect to the stalk, the 
apices of the lamellae are joined 
directly to the stalk. When the 
cap expands, this connection is 
broken, and the lamellae become 
free of the stalk tissue. The rem¬ 
nants of the connection hang 
downward, becoming the man- 
chette or armilla (figure 337, ar). 

The young hyphal mass in 
many genera forms an external 
layer over its entire surface. This 
layer is called the universal veil 
(figure 338, vu). It may be deli¬ 
cate and almost unnoticeable, or 
it may be a firm and definite tis¬ 
sue. In the latter case, the frag¬ 
ments of the layer remain on the 
cap after it has expanded and 
appear as scales or shreds as in 
Amanita muscaria(L.) Pers., or as 
a sheath or volva (figure 337, 2a, 

2h) at the base of the stalk as in 
Amanita phalloic/es Scop. 

In other genera, for example 
in Cortinarius (figure 346), this 
external hyphal layer hangs down¬ 
ward from the margin of the cap 
and is called the cortina (Dou¬ 
glas, 1916; Sawyer, 1917; 

Smith, 1939). 

The hymenophore of the typi¬ 
cal Agaricaceae is laid down in 
lamellae (figure 343), but rarely 
it appears on the surface of pores 

as in Boletus and related genera. All possible transitional forms between these 
two extreme types may be found in the fungi of Madagascar (Heim, 1945). 
The lamellae in SchizophyUum (Adams, 1918; Linder, 1933) split lengthwise 
(figure 347), and hence the name of the genus. The cap of Coprinus disintegrates 


Fig. 344. Section through the immature cap of 
Coprinus comatus FI. D. The lips of the lamellae / 
push into the outer cortical tissue st of the stalk and 
begin to interweave with it. x 300. (From Atkinson, 
1916.) 
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ai maiuritv and drops of fluid, black with spores, fall from the margin during 
the process, and hence its common name of inky-cap fungus. 

As the tissue of the fructification is composed exclusively of dikaryotic 
hyphac. all elements of the hymenium, such as basidia, paraphyses, cystitida, 



r i(i. 345. Tissue section through the young cap ot 
Amanita mnscaria (L.) Pers. vn universal veil, ci the dis- 
iniegraiing abscission layer, tr ground tissue developing to 
form the lamellae, ar delicate manchette or armilla layer, 
s/ cortical tissue of the stalk. 17. (From L()H\s a(;. 1933.) 


etc., are binucleate in con¬ 
trast to the situation exist¬ 
ing in the Discomycetes 
(figure 234) in which only 
the asci are dikaryotic. 
The paraphyses in many 
of the Agaricaceae are 
merely undeveloped ba¬ 
sidia which may come to 
the fruiting stage at a later 
time. The presence of the 
cystidia permits the deli¬ 
cate lamellae typical of 
some species to stand free 
from each other (figure 



348). 

About 100 genera of 
Agaricaceae have been de¬ 
scribed and it is impossible 
to attempt their descrip¬ 
tion. The student should 
consult the original tax¬ 
onomic literature (Singer, 
1936) if he wishes to learn 
more of this large and in¬ 
teresting group. 

If the characteristics of 
the Hymenomycetes are 
reviewed, the evolutionary 
sequence exhibited by their 
fructifications appears to 
be of special significance. 
These structures advance 

from diffused layers of hyphae to laterally borne brackets and stalked caps. 
This evolutionary series forms a parallel sequence with that of the Sphaeriales 
and Clavicipitales in the Ascomycetes. However, the fructifications of the 
Ascomycetes are composed of haploid stromata in which the sexual phe- 


Fio. 346. Section through a young fructification of 
Cortinarius distans Peck with the cortina about to be rup¬ 
tured by the expanding cap. - 34. (From Douglas, 1916.) 
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nomena take place, and which finally become perithecia. In the Hymenomy- 
cetes, the fructifications consist exclusively of dikaryotic-hyphae in which sexu¬ 
ality has occurred during an earlier stage. The morphological development 
of the fructification of the Ascomycetes and Hymenomycetes obviously has 
proceeded independently of the nuclear condition of their hyphal cells. 



Fig. 347. Section through the fruc¬ 
tification of Schizophyllum commune Fr. 
showing the splitting of the lamellae. 
■<'40. (From Linder, 1933.) 



Fig. 348. Diagrammatic section through the lamellae of Coprinus atramenturius Bull, at the 
beginning of autolysis. The arrows show the direction of falling basidiospores. hy hymenium. 
s subhymenium. tr trama. c normal cystidia. k cystidia beginning to disintegrate during the general 
autolysis of the cap. z. zone of autolysis. x90. (From Buller, 1924.) 


2. Order Gastromycetes 

The Gastromycetes (Fischer, 1933; Coker and Couch, 1928) include the 
angiocarpous Holobasidiomycetes whose basidia mature within the fructifica¬ 
tion. The fructification disintegrates at maturity, thereby passively disseminat¬ 
ing the basidiospores. When defined in this manner, the Gastromycetes repre¬ 
sent an evolutionary series parallel to the Plectascales. Those families repre¬ 
senting the lacunose type sometimes are classed together in the order Plecto- 
basidiales. 
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The Gastromycetes may be divided into several orders, but as our purpose 
IS to present a phylogenetic discussion, it is unnecessary to encumber the text 
with descriptions of these taxonomic groups. 

The evolutionary trends exhibited by the Gastromycetes resemble those 
evident in the Hymenomycetes. The thalli of the most carefully studied 
examples, such as Cyathus striatus Pers. (Fries, 1940), Cyathus stercoreus 
(Schw.) de T. (Brodie, 1948), Nidularia farcta (Pers.) Fr. (Fries, 1948) and 
Sphaerobolus stellatus Tode (Fries, 1948), are tetrapolar. The haploid my¬ 
celium is of little importance in the life cycle, and asexual fructifications in the 
form of oidia are known only in exceptional instances. 



Fig. 349. Diagrammatic representation of the four types of fructifications in the Gastro¬ 
mycetes. A lacunose. B coralloid. C multipileate. D unipileate. p peridium. ch glebal chambers. 
tr tramal plates, h cap (From Lohwag, in Fischer, 1933.) 


The evolutionary origin of the Gastromycetes is not well understood. The 
fructifications of their ancestors probably were of the Amauroascus type (figure 
104) and were composed of a loose mass of hyphae differentiating into an outer 
sterile peridium, and an inner ground tissue, called the gleba, which produced 
the basidia. The basidia were irregularly distributed in the gleba. Although 
no such probable ancestral type is known to exist, the basidia are distributed 
in some such manner in Tulostoma (figure 356). In spite of this feature, the 
fructification of Tulostoma must be regarded as a higher form than that of the 
probable ancestor of the Gastromycetes because of the more advanced organiza¬ 
tion of its peridium, and also because it is borne on a stalk. 

The peridium and the gleba appear to have evolved from the hypothetical 
ancestral types along many lines, and the existing forms are so complex and 
confused that different types may be found, not only within the orders and 
families, but even among the species of a single genus. The many existing 
forms may be grouped in four important structural types (Lohwag, 1925, 1926) 
called the lacunose, coralloid, multipileate, and unipileate (figure 349). 

A. The lacunose type: The ground tissue of the lacunose type receeds at 
various places to produce a number of separate glebal chambers (figure 349, ch). 
Either these chambers are filled with irregular basidial hyphae and basidia 
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(figure 353), or their walls are covered with basidia (figure 350). The sterile 
ground tissue separating the glebal chambers again is called the trama. Proto- 
gaster (figure 350) and Gasterella (Zeller and Walker, 1935; Walker, 1940) 
represent extreme examples of the lacunose type. Their fructifications contain 
one enlarged chamber, the walls of which are covered with basidia. The tax¬ 
onomic place of these two genera still is uncertain. 

B. The coralloid type: The gleba devel¬ 
ops centrifugally in the coralloid type (fig¬ 
ure 349, B) and extends outward in all 
directions from a compact axis or basal 
cushion (figure 363). Since the glebal folds 
are branched and coral-like, with numer¬ 
ous anastomoses, the hymenium appears 
to fill the glebal chamber if it is examined 
in a cross section. 

C. The multipileate type: In the mul- 
tipileate type, coralloid thick branches 
spread under the peridium as scutiform 
plates below which the tramal folds ap- 

* , , ,, , » Fjg- 350. Section through the ma- 

pear. A new structure, called the recepta- fructification of Pro,ogas,er rhuo- 

culum, differentiates from the ground tis- p/;//w.vThaxt. x225. (From Zeller. 1934.) 

sue and pushes the gleba above the original 

fructification at maturity (figure 370), giving the fructification an entirely new 
appearance. 

D. The unipileate type: In the unipileate type (figure 349, D), there remains 
only one branch, bell-like in structure. The coralloid tramal folds develop from 
the under side of this umbrella-like surface within the fructification. The re- 
ceptaculum develops parallelly to this bell and therefore the fructification pos¬ 
sesses the general form of a stalked cap. 



Nidularia- Sphaero- Tulostoma- Calostoma- 
ceae bolaceae taceae taceae 


Geastra- 

ceae 


Clathra- 

ceae 


Phalla- 

ceae 



Melanogastraceae Hysterangiaceae 



Corticiaceae 


Fig. 351. The probable morphological relationships between the families of Gastromycetes 
described in the text. 
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The classification of the various Gastromycetes into these four types, and 
the homologizing of the separate structural parts, such as the peridium, in the 
different families are difficult indeed because students have interpreted the 
structures differently and have used many confusing terms. 

Figure 351 indicates the probable morphological relationships between the 
families described in the text. The Nidulariaceae-Calostomataceae series repre¬ 
sents the terminal evolutionary forms of the lacunose type, the Geastraceae 
terminate the coralloid type, the Clathraceae terminate the multipileate type, 
and the Phallaceae terminate the unipileate type. The evolutionary lines indi¬ 
cated in figure 351 are theoretical only, and it is not surprising that the families 



E'ig. 352. Section through the fructification of MeUinogasier variegutus (Vitt.) Tul. p peridium. 
tr tramal plates which bear the white irregular hymenium. ch chamber filled with sterile hyphal 
tissue. ! natural size; 2 yabout 6. (From Tulasne, 1851.) 


of the various branches show many relationships to those of the later branches 
because the confusing problem of convergence always confronts us in the study 

of these fungi. 

A. The lacunose type 

The most primitive lacunose Gastromycetes are represented by the family 
Melanogastraceae (figure 351). The basidia are distributed more or less ir¬ 
regularly among the hyphae in the interior of the fructification, or they may 
be grouped in nests in some species. 


Family 1. Melanogastraceae 

The Melanogastraceae, especially the genera Alpova (Zeller, 1939), Melano 
gaster (figure 352), and Leucogaster (Fischer, 1922), furnish interesting examp es 
of convergence with the Tuberales. Their mycelial strands, or rhizomorphs, 
form semihypogeous or hypogeous, truffle-like fructifications. These st^ctures 
have a fleshy consistency, and the gleba divides the body into numerous asi la 
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bearing chambers. In Alpova the basidia are strewn irregularly through the 
chamber, while in Melanogaster and Leucogaster xhey are united in an irregu¬ 
lar hymenium covering the tramal plates. 

The evolutionary lines evident in the Sclerodermataceae and Nidulariaceae 
stem from the level of the Melanogastraceae (figure 351). The fructifications 
of these families grade toward the epigeous type. 

The Sclerodermataceae line is characterized chiefly by the more advanced 
morphological development of the peridium, and by the more definite differ¬ 
entiation of the peridium from 
the glebal tissue, at least in com¬ 
parison with the more primitive 
Melanogastraceae. Only four fam¬ 
ilies of the Sclerodermataceae 
evolutionary line will be describ¬ 
ed. The Sclerodermataceae are 
typified by their one-layered per¬ 
idium. The Calostomataceae, Tu- 
lostomataceae and the Sphaer- 
obolaceae possess a many-layer¬ 
ed peridium. 


1 


hr ch 






Family 2. Sclerodermataceae 

The morphological character¬ 
istics of the Sclerodermataceae 
(Rabinowitsch, 1894; Swoboda, 

1939) resemble those of the Me¬ 
lanogastraceae except for the 
greater structural individuality of 
the peridium, and for the pro¬ 
duction of fructifications on the 
surface of the soil (figure 353). 

The gleba disintegrates at ma¬ 
turity to a powdery mass, but 
some hyphae remain, forming a 
simple type of capillitium. In 

Pwo//7/?w5 (Lander, 1935), the glebal chambers round up to form an independ¬ 
ent peridiole. When the peridium disintegrates at maturity, the peridioles 
are liberated as separate structures. They in turn disintegrate at a later time 
and release powdery masses of spores. 


Fig. 353. Section through the young fructifi¬ 
cation of Scleroderma Bovista Fr. 1 cortex of a very 
young fructification. 2 a more mature stage in which 
the glebal chamber is filled with immature basidia. 
p peridium. tr tramal tissue, ch hyphal balls which 
will later disappear to produce the glebal chambers. 
b immature basidium. / x65; 2 x375. (From Ra¬ 
binowitsch, 1894.) 
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Family 3. Calostomataceae 

The inner layer of the peridium of the Calostomataceae is called the endo- 
peridium. This layer is firm and paper-like in texture. In Astraeus^ the three- 
layered exoperidium ruptures to form a star-like structure, and the spherical 
endoperidium lies free from the gleba (figure 354, 2). The exoperidium dips 
inward when dry and bends outward when moist as the result of the hygroscopic 
property of the inner layer of the exoperidium (figure 354, Cg), thereby throwing 



Fig. 354. I section through a young fructification of Astraeus hygrometricus (Pars.) Morg. 
2 mature fructification of the same species, i’l.g layers of the exoperidium. /i _2 layers of the endo¬ 
peridium. gl chambered gleba. Natural size. (From v. Tavel, 1892.) 



Fig. 355. 1 young fructification of Colostoma lutescens (Schw.) Burn. 2 a more mature stag^ 

and ^2 exoperidium. i endoperidium. gl veined gleba with capillilium. / foot, o mouth throug 
which the powdery basidiospores escape. x3. (From Fischer, 1884.) 
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outward innumerable spores. The endoperidium ruptures at its apex and re¬ 
leases the dust-like basidiospores. 

In Calostoma (figure 355), the exoperidium differentiates into a gelatinous 
outer layer (figure 355, e^) and a car¬ 


tilaginous, brightly colored inner layer 
(figure 355, e^) which forms a star-like, 
reddish mouth (figure 355, o) early in 
the development of the fructification. 
As maturation proceeds, the cartilagi¬ 
nous layer (figure 355, develops a 
foot, also cartilaginous, at its base (fig¬ 
ure 355, /). The outer layer (figure 
355, ei) breaks and the fructification is 
pushed upward. The cartilaginous layer 
(figure 355, expands on its inner 
side, whereupon the outer layer (figure 
355, e^) is ruptured and finally disap¬ 
pears. The cartilaginous tissue enlarges 
and becomes a hollow sphere (figure 
355, 2) in which the thin-walled en¬ 
doperidium (figure 355, /), filled with 
glebal tissue, hangs downward from 
the top. 

Family 4. Tulostomataceae 

In the Tulostomataceae, the inner 
layer of the exoperidium forms a foot 
as in Calostoma. The foot elevates the 
endoperidium and gleba at maturity 
(figure 356). The gleba is veined in the 
usual manner in the genus Battaraea 
(Maublanc and M alen^on, 1 930; 
Malen^on, 1930), but in Tulostoma^ 
a genus which has been called Tylo- 
stoma with etymological correctness 



Fig. 356. 1 young fructification of Tulo- 

stoma mammosum Fr. 2 mature stage, e ex¬ 
operidium. i endoperidium. gl gleba with 
capillitium threads c. sp basidiospores. o 
mouth, /foot, m bowl-shaped remainder of 
the exoperidium after the elevation of the 
fructification. xaboutS. (From Greis, 1937.) 


but with nomenclatorial error, the gleba is uniformly interspersed with bas- 
idia. It is not possible to decide whether this latter condition represents a 
primitive evolutionary stage or a degradation from some more advanced 


form. 
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Family 5. Sphaerobolaceae 


The exoperidium in the Sphaerobolaceae, as exemplified by the genus 
Sphaeroholus (Pillay, 1923; Walker and Anderson, 1925; Walker, 1927; 
Lorenz, 1933) differentiates to form a gelatinous layer (figure 357, e^), a pseudo- 
parenchymatous layer (figure 357, e.,), a thin layer of threads (figure 357, e^) 
and a collenchymatous layer (figure 357, The collenchymatous layer is 




palisade-like and is comprised of isodiametric cells only toward the apex of the 
structure. The endoperidium exhibits narrow striations of orange-colored 
pseudoparenchyma, and encloses the veined gleba. The glebal hyphae have 
deliquesced to a slime before the fructification is mature. 

At maturity, the collenchymatous layer (figure 
357, expands and the exoperidium is ruptured 
(figure 357,2). The further growth and an increasing 
osmotic pressure due to the transformation of gly¬ 
cogen to reducing sugar cause the further stretching 
of the collenchymatous layer. Finally, the thready 




1 




Fig. 357. / section through a young fructification of Sphaeroholus stellatus (Tode) Pers. 

2 a half-mature fructification. 3 mature stage. ei_y layers of the exoperidium. i endoperidium. 
gleba. / soil. ^aboutlS. (From Fischer, 1884.) 


layer (figure 357, e^) violently separates from the pseudoparenchymatous layer 
(figure 357, e.y) and turns itself inside out, often forming a small dome or ball¬ 
like arch. The upward thrust of this arch is so violent that the gleba is hurled 
free of the structure for a distance of three feet or more. 


Family 6. Nidulariaceae 

The glebal chambers of the Nidulariaceae, popularly called bird nest fungi, 
are independent units as in the genus Pisolithus in the Sclerodermataceae. They 
appear as compact pea-like bodies and are called peridioles as before (figure 
360, p6). They are enclosed within a rind comprised of as many as five layers. 
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The tramal tissue lying between the peridioles becomes disorganized at mat urit> 
so that the periodoles separate from each other. Their dissemination probably 
is furthered by being eaten by animals and dropped in their dung. 

The peridioles are released by the disintengration of the peridium in Nidu- 
laria. In Crucibulum and Cyathus^ a special lid called the epiphragma diflercn- 
entiates at the apex of the fructification (figure 362, ep) so that the peridioles 
appear to lie in the opened peridium like tiny eggs in a miniature nest. In both 
of these genera, a wavy strand of parallel hyphae, called the funiculus (figure 
361, /iv/?), develops from the tramal tissue on the lower side of each peridiole. 
The function of this peculiar structure is not known. It is enclosed by a sheath 



Fig. 358. Section through the fructification of Sphaerobolus steUatus (Tode) Pers. Twenty- 
four hours before the discharge of the gleba. m mycelial layer. c,_ , exoperidium. / endoperidium. 
?/gleba. x25. (From Duller, 1933.) 


of hyphae which deliquesces along with the tramal tissue in the genus Cruci- 
hulum, but which persists as a bag or pouch-like sack in Cvathus. 

B. The coralloid type 

The more primitive examples of the coralloid type possess simply construc¬ 
ted hypogeous fructifications just as the lower examples of the lacunose type. 
The lowest or the most primitive family is the Hysterangiaceae. The lacunose 
and coralloid types converge in their lowest forms in a truly remarkable se¬ 
quence (figures 362, 1 and 363, 3). In fact, they can be distinguished from each 
other only by a study of their immature stages. 
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Fig. 359. Section through the outer layers 
of the fructification of Sphaerobolus steUatus 
(Tode) Pers. m mycelial layer of clamp-bearing 
hyphae. ^^4 layers of the exoperidium. / endo- 
peridium. gl marginal area of gleba. tr tramal 
hyphae. c cystidia. x240. (From Buller, 
1933.) 


Fig. 360. Development of the fructifica¬ 
tion in the genus Cyathus. 1 young stage. 
2 more mature stage, thready layer of the 
exoperidium. pseudoparenchymatous layer 
of the exoperidium. s gelatinous deliquescing 
layer, gl gleba. po young peridioles. 7 x34; 
2 xl3. (From Walker, 1920.) 
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Family 7. Hysterangiaccac 


The genus Hysterangium exemplifies the imporlanl fcalures of the Hysler- 
angiaceae. The fructification of Hysterangium stoloniferum Tul. ( Reiisteinfr, 
1892; Fitzpatrick, 1913; Zeller and Dodge, 1929; Fischer, 1938) develops 




from a thick mycelial strand (figure 363, I). The rind, or cortex, of the strand 
becomes the primary peridium 
(figure 363, 7,/?), and the inner 
part, or pith (figure 363, 7, /?/), 
becomes the central strand or 
columella (figure 363, 7, col) 
of the young fructification. The 
central strand is covered with 
a palisade layer composed of 
the ends of the young hyphae. 

The further development 
of the fructification proceeds 
from the palisade covered sur¬ 
face of the central strand or 
pith. The hymenophore is 
folded in appearance and is 
composed of branching and 
anastomizing knobs pushing 
toward the peridium and de¬ 
flected tangentially by pushing 
against it. The ground tissue 
represents the tramal plates 
and becomes a gelatinous tra¬ 
mal peridium in a later stage 
of its development. The hy- 
phal palisade tissue can pro- 
duce ordinary hyphae which 
interweave with the hyphae of 
the primary peridium to form 


Fig. 361. Section through a nearly mature fructifi¬ 
cation of Crucibulum vulgare Tul. ei thready layer of 
the exoperidium, e.^ pseudoparenchymatous layer of 
the peridium. po peridioles. fun funiculus, tr disinte¬ 
grating tramal tissue. xl3. (From Wai-KFR, 1920.) 


Fig. 362. Group of fructifications 
of Cyathus striatus (Willd.) Pers. A 
specimen still closed appears in the 
center of the picture. The others have 
opened and most of them alieady have 
lost their peridioles. ep epiphragma. 
po an isolated peridiole. Natural size. 
(From Dodge, 1941.) 


20 Gaumann 
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a pseudoparenchymatous intermediate layer called the hymenial peridium 
(figure 364, hp). 

In due time, the palisade cells form a basidial hymenium. As the basidio- 
sporcs mature, the gleba acquires a gray, and then a chocolate brown material. 
The surrounding tissues break up and the basidiospores are dispersed by the 
wind. 



Fig. 363. / section through a young fructification of Hysierangiuni stoloniferum Tul. 2 a more 

mature stage. 3 mature fructification, cor rind or cortex of the mycelial strand, p primary peri¬ 
dium. m pith of the mycelial strand, col central strand of the fructification, tr tramal plates. 
ch glebal chambers. / 18; 2 14; d ■ 2. (From Rfhstfinrr. 1892; Fischer, 1933.) 


Other genera of the Hysterangiaceae are distinguished by differences in the 
structure of the rind and the central strand. For example in Gautiena (Fixz 
PATRICK, 1913), the apex of the tramal plates do not intertwine with the primary 
peridium and do not develop striations as they grow. The tramal plates are 
ruptured at maturity and disappear so that the mature glebal chambers open 

directly to the outside. 
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In Phallogaster, the central strand persists as a firm central columella (fig¬ 
ure 365, col) during the immature stages and becomes a stalk. Later, the apices 
of the tramal tissue broaden beneath the primary peridium to form irregular 
shield-like plates of hyphae (figure 365, tp) which are called tramal peridia, 
tramal jelly, or volva jelly. The primary peridium splits between them, forming 
irregular patches which permit the plates of tissue to remain adhering to the 
inner surface of the outwardly arched peridial layer. 

Evolution proceeds along two 


lines from the Hysterangiaceae-Hy- 
menogastraceae level (figure 351). 
These developmental lines may be 
summarized as follows; 

1. One stems from the Hyster- 
angium type and leads to the likewise 
coralloid Lycoperdaceae-Geastraceae 
group. 

2. Another stems from the Phal- 
logaster type and leads toward the 
multipileate Clathraceae and the uni- 
pileate Phallaceae. 

Family 8. Lycoperdaceae 

The Lycoperdaceae, commonly 
known as puffballs, have advanced 
beyond the primitive level attained 



by the Hymenogastraceae-Hyster- 

angiaceae series. This advance is 
apparent from the four following 
features: 


Fig. 364. Section through a part of the 
fructification of Hysterangium neglectum Mass, 
and Rodw. p primary peridium. hp hymenial 
peridium. tp tramal peridium. tr tramal 
plates, ch glebal chambers lined with basidial 


1. The peridium (Swartz, 1933; 

SwoBODA, 1938) differentiates to 


hymenium. x30. (From Zeller and Dodge 
1929.) 


form a usually pseudoparenchymatous exoperidium (figure 367, p), often 
called the rind, and a usually firm paper-like endoperidium which usually is 
exposed at maturity and which can form a pore at its apex. 

2. The gleba can differentiate into a fertile terminal portion and a stalk-like 
sterile base (figure 367, 7). Although the walls of the chambers in the sterile 
part are lined with hymenium, no basidiospores are produced. 

3. Individual hyphae in the chamber wails, or tramal plates, possess firm 
and often brownish-colored cell walls which constitute the threads of the ca- 
pillitium. These threads persist through the maturation of the basidiospores. 
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4. The gleba fragments when its basidiospores are mature and its original 

structure can no longer be recognized. 

The fructifications of certain Lycoperdaceae in the mature condition re¬ 
semble those of the Sclerodermataceae to an astonishing degree. The morpho¬ 
logical mechanism of the development of the glebal chambers described, whether 
they be of the lacunose or coralloid type, is rather definitly established in these 
primitive forms. These forms illustrate a complete convergence as indicated in 

figure 351. 




Fig 365 / section through a young fructification of Phallogasler saccaws Morg 2 a more 

advanced stage, i mature stage. » beginning of the folding of the hymenophore /,y hyni“ 
p primary peridium. gl glebal chambers, col columella. W volva jelly plates^ \ 

along which the peridium will rupture. /-2 about 5: .3 about 2. (From Fitzpatrick. 1913.) 


Family 9. Geastraceae 

The exoperidium differentiates to form three layers (figure 368) in the 
family Geastraceae, or the commonly known earth stars (Cunningham, ly^/)- 
This feature distinguishes the family from the Lycoperdaceae. The layers con¬ 
sist of a mycelial layer (figure 368, cj, a thready layer u ’ ' f 

pseudoparenchymatous layer (figure 368, C 3 ). The mycelial and thready layer 

completely enclose the fructification. The union between t ese ayers wea e 

and the mycelial layer then strips from the fructification as a toug ^ ^ 

at the apex do these layers remain attached to each other. T e pseu oparen 
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chymatous layer does not remain intact, but splits and breaks free of the fruc¬ 
tification at its base and apex. It then appears attached to the hyphae of the 
endoperidium, but all connection of the endoperidium of the base and apex of 
the structure is lost. The undifferentiated basal hyphae later form the stalk 
(figure 368, st). 

When the basidiospores are mature, the gleba undergoes the same modifi¬ 
cations as occur in Lycoperdon. The trama disintegrates until only the capilli- 
tium threads remain. The surface of the pseudoparenchymatous layer under- 



Fig. 366. Section through a nearly mature fructification of Lycoperdon perlatnm Pers. ( Lyc o¬ 
perdon gernmatuni Batsch) with glebal chambers lined with basidial hymenium. p exoperidium. 
/p endoperidium. ground tissue, g/chambered gleba. >15. (From Lander. 1933.) 


goes a period of rapid expansion due to the sudden enlargement of the large, 
thin-walled cells to about twice their former size. The peridium splits lengthwise 
along predetermined structural lines into three sheets, the mycelial layer, the 
thready and pseudoparenchymatous layer, and the endoperidium. The mycelial 
layer (figure 368, 2) persists in the form of a cup below the earth’s surface. The 
unit composed of the thready and pseudoparenchymatous layer divides into 
four lobes which spread over the fructification from above so that the pseudo¬ 
parenchymatous layer comes to lie on the outside. W^hile the processes des¬ 
cribed above are transpiring, the endoperidium and the gleba have become 
elevated on a stalk and have developed a mouth at the apex, just as in Lyco¬ 
perdon. 

In the genus Geaster, the coralloid branch of the Gastromycetes has attained 

by convergence the same evolutionary level as the lacunose branch in the genus 
Astraeus (figure 354). 


The Clathraceae and Phallaceae are distinguished by a new organ, the 
receptaculum. These families form an evolutionary line parallel to the Lyco- 
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perdaceae-Geastraceae. The gleba is pushed out of the fructification at matur¬ 
ity by this organ and drops free of it. 

The receptaculum is bar-like or lobed in the Clathraceae (the multipileate 
type, figure 349, C) and bears the gleba on its inner side or between its branches. 
However, the receptaculum forms the central axis of the fructification and ex¬ 
pands at its apex to a bell-shaped cap in the Phallaceae (the unipileate type, 
figure 349, D) and bears the gleba on its outer surface. 



Fig. 367. I longitudinal section through the fructification of Lycoperdon perlatum Pers. 2 habit 
of the same species, p exoperidium. tp endoperidium. /fertile area of the gleba. st sterile area 
of the gleba. col columella showing the folding of the sterile into the fertile tissue, r/i chambered 
gleba. / x2; 2 natural size. (/ from Rehsteiner, 1892; 2 from Fischer, 1933.) 


C. The multipileate type 
Family 10. Clathraceae 

Clathrus ruber (Mich.) Pers. is an example of the more advanced Clathra 
ceae. This species goes through a slender erect stage when young as does 
Phallogaster (figure 365, /). The axial strand, or central strand (figure 369, 7, 
co/), is evident within the fructification. This axial tissue divides into severa 
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radial strands (figure 369, !, ch) which have been called the central strand 
branches. Variations in the strand make possible the two following morpho¬ 
logical features. 

1. The convoluted, wart-like tramal plates (figure 369, 2, tr) are branched 
and anastomized, and the gleba constitutes the walls of the chambers. The 
glebal chambers are lined with basidial hymenium. 

2. The branches of the central strand expand shield-like at their ends to 
form the volva jelly plates (figure 369, 2, ip), and between them lie the narrow 
ribbons (figure 369, 2, m) of the original pith. The development of Clathrus 
resembles that of Phallogaster in so far as it has been described above. 



Fig. 368. / diagrammatic longitudinal section through the young fructification of Geaster. 

2 habit of the fully expanded fructification of Geaster fenestratus Pers. Natural size. Explanation 
in the text. (/ from Reh.steinf.r, 1892; 2 from Fischer, 1933.) 

A new organ, called the receptaculum, appears in the fructification of the 
Clathraceae which is a departure from the Phallogaster type. The receptaculum 
completely alters the character of the mature fructification. Pseudoparen- 
chymatous layers appear along the inner side of the adjacent margins of the 
volva jelly layers (figure 369, I, tp), that is to say, in the ground tissue (figure 
369, 2, m). These layers are lattice-like in structure and are pushed together 
in such a manner as to form the future receptaculum (figure 369, rp). 

Figure 369, 4 represents a longitudinal section through the fructification 
just before it unfolds. The greenish gleba (figure 369, 4, gl) occupies the major 
part of the interior of the fructification, and the bluish-white central strand 
appears in the central part (figure 369, 4, col). This central strand soon disinteg¬ 
rates. Branches extend from it (figure 369, cb), but they do not appear in the 
figure to continue from the volva because of their sinuous coiling. The volva 
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jelly layer encloses the gleba (figure 369, tp) but the units are separated by 
narrow bands of tissue (figure 369, m). There is a transverse or oblique branch 
of the receptaculum (figure 369, rp) on the inner side of the volva (figure 
369, m). The pseudoparenchymatous hyphae of this branch grow with aston¬ 
ishing rapidity so that the receptaculum enlarges and ultimately ruptures the 



Fig. 369. Stages in the development of Clathrus ruber (Mich.) Pers. p primary peridium. 
col central strand, cb branch of the central strand, m remainder of the original ground tissue. 
tp volva jelly layers, tr tramal plates, hy hymenium. rp receptaculum. 1-3 xabout20; 4 x2. 

(From Fischer, 1933.) 

rind layer and the volva thereby elevating the gleba. The gleba drops free of 
the fructification and the basidiospores probably are disseminated by in 
sects. Finally, only the naked receptaculum remains to represent the original 

fructification. 

The evolutionary line of the Clathraceae reaches the end of a deve opmenta 
sequence in the genus Clathrus. Further advances consist only of modificatmns 
of the structure of the receptaculum and of the distribution of the asi lo 
sporogenous areas. For example, the receptaculum axis partly disintegrates 
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to form a basal tube in the cosmopolitan genus Simhiimi (figure 371) and in 
the South African genus Kalchbrennera (figure 372). The gleba in these genera 
is restricted to the apex of the fructification. The receptaculum is lattice-like 
in Simblum and also in Clathrus^ but its configuration is coral-like in Kalch¬ 
brennera. 



Fig. 370. Expanded receptaculum rp of Cla- 
thrtts ruber (Mich.) Pers. after expulsion of the 
gleba. The cup-shaped remainder of the peridium 
/3 appears at the base. Somewhat reduced. (From 
Fayod, in Fischer, 1933.) 


Fig. 371. Habit of Simblum sphaero- 
cephalum Schlecht. after the expansion of the 
receptaculum and after the gleba has become 
separated from the fructification. Vz natural 
size. (From Gerard, in Fischer. 1933.) 


D. The unipileate type 
Family 11. Phallaceoe 

If we assume that the central strand of the Clathraceae developed at the 
expense of other tissue, then the multipileate type of fructification would 
become equivalent to the unipileate type (figure 349, C, D). Therefore, the 
fundamental organization of the fructifications of both types is similar. Again 
there is a receptaculum, volva, and gleba, but in the unipileate type the mature 
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fructification exudes a penetrating and offensive odor attractive to insects. The 
receptaculum in the Phallaceae has the general appearance of a stalked cap. 

In the genus Phallus, or Ithyphallus, which thrives in temperate climates, the 
chambered receptaculum stalk (figures 373 and 374) surrounds the central 
strand and is differentiated from the ground tissue. Furthermore, the centri- 
petally projecting tramal plates are not covered with hymenium to their apices, 
but are interwoven with the hyphae of the bell-shaped layer (figure 373, h) of 



Fui. 372 


Fig. 373 


Fig. 372. Mature specimen of Kalchbrennera corallocephala (Welw. and Curr.) Kalchbr. after 
loss of the gleba. Somewhat reduced. (From Kalchbrenner, in Fischer, 1933.) 


Fig. 373. Section through the young fructification of Phallus impudicus (L.) inner 

part of the volva jelly layer, the outer part of the volva jelly layer and the cortex isappcare 

m primordial hyphal layer, tr tramal plates, ch glebal chambers. gl more mature g c a. eginn 
ing of the receptaculum cap. ind beginning of the ephemeral indusium whose p ace o ^ 
n already is recognizable, sr receptaculum stalk, col central strand which wi ecome 
the stalk, st receptaculum stalk. x22. (From Fischer, 1933.) 
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the future cap. The cap, therefore, bears the gleba (figure 373, g/) on its outer 
surface. Finally, in the upper portion of the fructification, on the inner side of 
the cap (figure 373, h) there appear indications of a second cap. This second 
cap is called the indusium (figure 373, ind), and it continues its development 
until ruptured and destroyed by the expansion of the receptaculum. But even 



Fig. 374. Section through the "egg" of the 
young fructification of the south Asiatic Phallus 
tenuis (Fisch.) O. K. just before the elongation of 
the receptaculum stalk. //? volva jelly layer, //cap 
of the receptaculum. st stalk of the receptaculum. 

gleba. m primordial hyphal layer. x2. (From 
Fischer, 1933.) 



Fig. 375. Mature fructification of Phallus impudicus (L.) Pers. the "stink horn”. The loosely 

constructed cap hangs downward from the apex of the receptaculum rp, which bears the liquifying 

gleba gl on its outer surface, st stalk of the receptaculum. p primary peridium or rind. ’4 natural 
size. (From Fischer, 1933). 


after this has occurred, its existence may be recognized by the place of its attach¬ 
ment to the stalk of the fructification (figure 373, n). 

Only in the tropical genus Dictyophora (figure 376), does the indusium attain 
a completely expanded stage and hang downward as a veil after the elongation 
of the receptaculum stalk. The appearance of the veil gave rise to the popular 
name “fungus flowers” to members of this genus. 

The Gastromycetes represent the highest morphological development 
attained by any of the fungi, but they exhibit a lesser degree of biological deve- 
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lopment because their sexual processes have degenerated to somatogamous 
copulation. The advance in the development of morphological features of the 
thallus and the coincident degradation of sexual phenomena also were observed 
in the Pezizales and in the Hymenomycetes. 



Fig. 376. Longitudinal sections of the fructifications of Dictyophora indusiata (Pers.) Fisch. 
I half-mature fructification, or the so-called “egg”. 2 the receptaculum stalk st has elongated, but 
the indusium ind is yet attached to the cap h. p peridium or rind, tp volva jelly layer, gl gleba. 
m pith or primordial hyphae. col central strand. / x2; 2 natural size. (From Fischer, 1933.) 


Subclass 2 Phragmobasidiomycetes 

The Phragmobasidiomycetes, which also have been called the Protobasidio 
mycetes, probably have evolved from the Holobasidiomycetes. The basidia of 
all representatives of the Phragmobasidiomycetes are septate. Usually the sep 
tae divide the basidium with longitudinal (figure 381) or cross walls (figure 388). 
These fungi form a heterogenous group of developmental lines (figure 1) whose 

evolutionary relationships are unknown. 
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The external habit of two orders of the Phragmobasidiomyceles, the Trc- 
mellales and Auriculariales, is strongly reminiscent of the Hymenomyceles, and 
often they can be separated from the Hymenomyceles only by microscopic 


examination of their basidia. The 
illustrated in figure 381 and those 
of the Auriculariales are illustrated 
in figure 388. The morphological de¬ 
velopment of the Tremellales and 
Auriculariales is similar (Barnftt, 
1937). The formation of the fructifi¬ 
cation proceeds from the differentia¬ 
tion of the hyphae as before. The 
evolutionary advance of the fructifi¬ 
cation attains a stage equivalent to 
that reached by the Polyporaceae. 
The Tremellales and Auriculariales 
are united through transitional forms, 
and both possess characteristic hook¬ 
like conidia (figure 388, 2-4), These 
peculiarly shaped conidia are uni¬ 
nucleate and are curved in the shape 
of a tiny hook. Usually they are pro¬ 
duced in masses. 

Two other orders, the Uredinales, 
or rust fungi, and the Ustilaginales, 
the smut fungi, are comprised exclu¬ 
sively of parasitic forms and do not 
produce true fructifications. While 


basidia of the Tremellales are the type 



Fig. 377, Expanded fructification of Dic tvo- 
phora indusiata (Pers.) Fisch. p rind. .\7 stalk of 
the receptaculum. ind indusium. h cap of the 
receptaculum after the abscission of the gleba. 

*2 natural size. (From Moller, 1895.) 


these parasitic orders undergo the 
same general type of development as 

do the other Basidiomycetes, the expressions of their probasidial stages ar 
peculiar to themselves. 

The four orders comprising the Phragmobasidiomycetes may be separate 
as indicated by the key on page 260. 


3. Order Tremellales 

The Tremellales, or jelly fungi (Martin, 1945), are characterized by their 
pear-shaped chiastobasidia which are septate by two intersecting longitudinal 
walls (figure 378) (Wheldon, 1934, 1935, 1937). 

This order represents an evolutionary series parallel to the Corticiaceae- 


318 


CLASS IV • BASIDIOMYCETES—ORDER 3 • TREMELLALES 


Polyporaceae series in the Hymenomycetes on the basis of the structure of the 
fructifications, and often its members can be separated from the latter group 
only by microscopic examination of their basidia. 








Fig. 378. Development of the basidium of Tremellodon gehtinosum (Scop.) Pers. I dikaryotic 
hyphae. 2~3 karyogamy. 4-6 development of the basidium. 7-8 development of the basidiospores. 
’'1230. (From Hagerup. 1944.) 



Fig. 379, Habit of the gelatinous fructifi¬ 
cation of Exidia glandulosa (Bull.) Fr. growing 
on the trunk of a tree. Natural size. Original 
by Photographic Institute E.T.H. 



Fig. 380. Habit of the fructification of Tre- 
mellafuciformis Berk. Natural size. (From M6 l- 
LER, 1895.) 


The series begins with a Corticiuni-\i\iQ hyphal body, frequently growing on 
rotting wood and forming basidia quite irregularly. In such higher forms as 
Exidia (figure 379) there is a gelatinous crust which possesses a true hymenium. 

The highest genera, Tremella for example, develop hygroscopic fructifica¬ 
tions of a jelly-like consistency. This character is the basis for the name of the 
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order. The jelly substance swells markedly when wet and assumes a charac¬ 
teristic appearance and color, but when it is dry, the mass collapses and nearly 
disappears. The hymenophore folds upwards in spines in Protohychmm (fig¬ 
ure 382) and TremeUodon (figure 383). This character represents a convergence 
phenomenon because a similar spiny hymenophore is produced by the Hyd- 
naceae (figure 331). 



Fig. 381. Section through the periphery of the fructification of Tremella mesenierica Reu. 

/ oidial stage. 2 karyogamy has taken place in the young basidia. i mature basidia. x450. (From 

Dangeard, 1895.) 



Fig. 382. Habit of the crusty fructification of Protohydnum cariilaginenm Moell 
size. (From Moller, 1895.1 


3, natural 
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4. Order Auriculariales 

The order Auriculariales is rich in variable morphological types, and the 
species may be classified into families only with difficulty. Consequently the 

schematic relationships indicated in figure 

based on arbitrarily selected genera. 

The first development line suggested 
in figure 384 is represented by the Helico- 
basidium-Auricularia series and is charac- 




✓ 


A if terized by the development of usually ge- 

if JwM latinous fructifications. It is apparent that 
f evolutionary trend in the Auriculari- 

ales parallels that of the Tremellales and 
\ more primitive Hymenomycetes, 

and it advances, as in those groups, from 
a loose hyphal layer to characteristically 
'formed crusts, brackets, heads, etc. 

^ The hyphae expand to a loose tomen- 

tum in Heticobasidium (Boedijn and Stein- 
Fig. 383. Habit of the fructification MANN, 1931 ; GaRRETT, 1946) (figure 385). 

of Tremellodon gelatinosum (Scop.) Pers. -ri. i_ t. n t_ r m i. ‘j* 

., , , . .... ' The hyphae usually bear fragile basidia 

Natural sjze. (From Moller, in Gau- ^ ® 

MANN, 1926 .) at their tips which extend more or less 

above the layer itself. The basidium shriv¬ 
els and disappears after the basidiospores have been dispersed. The genus 
Herpobasidium, a parasite on ferns, is another example of the evolutionary 
level attained by Helicobasidium (Jackson, 1935). 




k 
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Fig. 383. Habit of the fructification 
of Tremellodon gelatinosum (Scop.) Pers. 
Natural size. (From Moller, in Gau- 
MANN, 1926.) 


Auriculariales: 


Phleogena 


Auricularia 

t 


Uredinella 


Septobasidium 


Eocronartium 


lola 


HelicogJoea 


Platygloea 

! 

Helicobasidium 

i 

I 

Corticiaceae 


Fig. 384. The probable evolutionary relationships within the order Auriculariales 
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In Flatygloea (Neuhoff, 1924), the hyphae exude a gelatinous substance 
which imparts a jelly-like or waxy consistency to the surface. The sterigmata 
elongate until they penetrate the jelly layer and then differentiate the basidio- 
spores. This process prevents the basidiospores from being formed within the 


jelly layer itself. The terminal 
hyphal cell within which karyo- 
gamy occurs (figure 386, 2-3) does 
not form the basidium directly as 
might be expected, but becomes 
the probasidium (figure 386, pr). 
This structure is recognizable 
through out the further develop¬ 
ment of the organism just below 
the basidium itself. It will be re¬ 
called that a probasidium also is 
formed in the genera Brachybas- 
idium (figure 318) and Vuilleminia 
(figure 324) in the Holobasidiomy- 
cetes. 

The fructification in Eocron- 
artium assumes a characteristic 
form for the first time in the 
ascending evolutionary series. 
This is exemplified especially 
well by Eocronartium muscicola 
(Fr.) Fitzpatr., a species parasitiz¬ 
ing mosses (Fitzpatrick, 1918; 




Fig. 385. A somewhat diagrammatic section 
through the hyphae of Helicobasidiiim compcicium 
Boed. b basidia. sp basidiospores. x300. (From 
Boedijn and Steinmann, 1931.) 



Fig, 386. The development of the basidia in Platygloea nigricans Schroet. [ = Achroomyces 
Tiliae (Lasch) v. H.]. 1 ends of the young hyphae in the periphery of the fructification. 2-3 karyo- 
gamy is occurring in the probasidium, this cell then forms the basidium b. 4-7 stages in the deve¬ 
lopment of the basidia. 1—4 x610; 5-7 x 300. (From Neuhoff, 1924.) 


21 Gaumann 
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Stanley, 1940), in which the fructification assumes a cylindrical or club shape. 

The fructification of Auricularia Hirneola; Martin, 1943) develops to 
an expanded jelly-like or cartilaginous structure which forms bilateral crusts or 
brackets (figure 387). The under side of these structures is sterile, while the 
upper surface bears an irregularly folded hymenium (figure 388, 1). 

The fructification of Phleogena {Fil- 
acre) becomes differentiated into a stalk¬ 
ed Gastromycete-like ball (figure 389) 
composed of a rind or peridium, and a 
fertile area or gleba (figure 390). This 
genus is worthy of especial attention be¬ 
cause of the evolutionary significance of 
some of its features. For example, the 
haploid and the dikaryotic mycelia differ 
in color and stature. Only the haploid 
mycelium produces conidia (Shear and 
Dodge, 1925). 

A second evolutionary line is recog¬ 
nizable from the characteristics of the 
genus lola. This sequence involves an 
increasing degree of morphological differ¬ 
entiation of the probasidium. In Iota it¬ 
self, a genus parasitizing moss capsules 
in tropical regions, the probasidium is 
thin-walled and proceeds with its devel¬ 
opment without undergoing a resting 
stage. 

On the other hand in Ureciinella, a 
parasite on scale insects in the Southern 
States (Couc h, 1937), the probasidium forms a many-layered cell wall (figure 
392, 5) and probably is able to enter a resting period just as do the teleuto- 
spores of the rust fungi. Karyogamy occurs w'ithin this cell while the wall is 
yet thin (figure 392, J). In addition to the thick-walled probasidia, Vredinella 
also possesses thick-walled dikaryotic units (figure 392, 7) which germinate to 
form thin-walled dikaryotic spores (figure 392, 8). These spores probably are 
homologous with the uredospore mother cells of the rust fungi. 

The tropical genus Septohasidium represents an evolutionary side line stem¬ 
ming from the lola series. This genus parasitizes scale insects and other insects, 
and undergoes a complicated life cycle (Couch, 1935, 1938). The mycelium of 
Septohasidium pseudopediceliaium Burt, is found on the trunks of Fraxinus and 
other trees in temperate climates. The hyphae first spread from the body of 



Fi(». 387. Habit of the ear-like fructifi¬ 
cation of Auricularia auricula-Judae (Fr.) 
Schroet.. the "Judas ear" fungus. Natural 
size. (From Bikifr. 1922.) 
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the infected scale insect to the surface of the bark where they form a ground layer 
(figure 393, a). Numerous interweaving hyphae arise from this ground layer 
which are called the “prop”, or post hyphae, and these in turn bear the “roof” 
layer delineated in figure 393. Young scale insects enter this “house”, develop 
there, and finally form what might be called a colony of fungal hyphae and scale 
insects, Probasidia and basidia are formed in the “roof” layer of this “house” 



Fig. 388. Auricularia auricula-Judae (Fr.) Schroet. I section through the hymenium, with 
basidia b, basidiospores sp, and paraphyses par. 2~4 germination of the basidiospores into hook¬ 
like conidia. 5 a hook conidium c germinating to form a mycelium. 6 conidiophore from a cor- 
emium with clusters of hook conidia as in 4. 1-5 x420; 6 x 100. (7 from Sappin-Trouffy, 1896; 
2-6 from Brefeld, 1888.) 



Fig. 389. Tuft of fructifications of Phleogena faginea (Fr.) Lk. on a piece of beech bark. 
Natural size. (From Brefeld, in Gaumann, 1926.) 
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(figure 394). In other species of this genus, for example in Septobasidium septo- 

ba.sidioides (Henn.) Lloyd and in Septobasidium apiculatum Couch, there are no 
probasidia (Olive, 1943). 
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Fig. 390. Phleogena faginea (Fr.) Lk. / section through a young fructification 
whose peridium p is beginning to rise above the gleba gl. 2 habit of a mature fruc¬ 
tification. 3 section through the peridium, the hyphae bear typical Auricularia 
basidia on their proximal parts, and their distal parts expand to form the peridium. 
1 X 10: 2 16; 3 x about 120. (From Brefeld, in Gaumann, 1926.) 




A third line of evolutionary development is represented by Hell- 
cogloea {Saccoblastia) (Linder, 1929; Baker, 1936; Boedijn, 
1937). The probasidia in this genus develop as lateral sacks on 
the terminal hyphal cell (figure 395). The dikaryon migrates into 
this sack and undergoes karyogamy. The synkaryon then migrates 
back into the hyphal cell from which its nuclei came, and this cell 
then develops into the basidium (figures 396 and 397). The func¬ 
tional significance of this peculiar process is not known. 

The general significance of the Auriculariales, especially those 
representatives of the lola-Uredinella group, in the evolutionary 
development of the fungi depends on the nature of the probasidia. 
These forms make it possible for us to understand the evolution¬ 
ary development of the last two orders of fungi, the Uredinales, 
or the rust fungi, and the Ustilaginales, or the smut fungi. 

Fig. 391. Dikaryotic hypha from the fructification of loh Javensis Pat. 
j young probasidium. r mature probasidium. g germinating probasidium. v ger¬ 
minated probasidium. b basidium. x450. (From Gaumann, 1922.) 
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5. Order Uredinales 

% 

All members of the Uredinales, or rust fungi (Arthur, 1929), are obligate 
parasites whose ancestors probably were already well established as parasites 
on the ferns of the Carboniferous Age. During the 200 or 250 million years 
that have passed since that time, the Uredinales have undergone profound 



Fig. 392. Vredinella coccidiophaga Couch. I hyphal layer with probasidia. 2~4 development 
of the probasidium. 5 mature ptobasidium. 6 germinating probasidium. 7 probably binucleate 
uredospore mother cells. 8 probably uredospores. 1 x200; 2-4y 7-8 x820; 5 x345; 6 x320. 
(From Couch, 1937.) 



Fio. 393. Diagrammatic view of the margins of a radially expanding colony of Septobasidium 
pseudopedicellatum Burt, on a piece of bark, a ground layer, b young “prop” hyphae. c mature 
“prop” hyphae. young “roof” hyphae. e mature “roof” hyphae. xl2. (From Couch, 1935.) 
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changes in their biological features as well as in their morphological structures. 
The forms persisting to the present day might well be regarded as living fossils. 

From the morphological viewpoint, the group has attained definite repro¬ 
ductive rhythms and specific spore forms. It is difficult to relate their evolu- 



Ffg. 394. Section through the hymenium on the 
'roof'* of a colony of Septobasidium pseudopedicellatum 
Burt, pr probasidium. b basidium. sp basidiospore. 
x465. (From Couch, 1935.) 


tionary history to the type of 
Phragmobasidiomycetes exist¬ 
ing today because our knowl¬ 
edge of the fungi as a whole 
is based exclusively on living 
types, with no regard for fossil 
forms. 

From the biological view¬ 
point, the Uredinales have 
evolved hand in hand with the 
development of the flowering 
plants during geological time. 
The changes to new hosts that 
became necessary as the evo¬ 
lution of the higher plants pro¬ 
ceeded were made possible in 
many instances by genetic fac¬ 
tors. The sequence of hosts, 
and the ultimate reactions with 



Fig. 395. Diagrammatic section through the hyphal 
layer of Helicogloea Lagerheimii Pat. growing on dead 
wood, pr probasidium. y young basidia. 6 mature basidia. 
: 310. (From Baker. 1936.) 


the host, usually are specific 
in the individual genera. The 
more ancient genera, Uredin- 
opsis, Milesia (figures 409 and 
420), and Hyalopsora, undergo 
their asexual generations over 
the entire earth only on ferns, 
thus suggesting that the hypo¬ 
thetical original forms must 
have resembled these genera 
to a great extent. The genera 
Phragmidium (figure 413), Ha~ 
maspora, Gymnoconia^ and 
Gymnosporangium (with one 
exception in the Bermuda Is¬ 
lands, Bahama and the south¬ 
ern states of America) under¬ 
go all, or a part, of their life 
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cycle on species of Rosaceae, suggesting that these forms evolved concurrently 
with the evolution of the Rosaceae from the Polycarpicae. These fungi kept 
pace with the development of the host family by evolution on their own part. 
The genus Uromycladium probably appeared in the Tertiary and lives only 
on species of Acacia, and then only in Australia and in the Sunda archipelago; 
all of which suggests that this genus appeared before the disappearance of the 
land bridge between these areas. 



Fig. 396- Development of the probasidium of 
HelUogloea Lagerheimii Pat. I terminal part of a 
dikaryotic hypha. 2~4 development of the sack-like 
probasidium pr. 5 karyogamy is completed. 6 the 
diploid nucleus migrates back into the hyphal cell 
which then becomes the basidium h. x 1250. (From 
Baker, 1936.) 



Fig. 397. Development of the basidium of Helicogloea Lagerheimii Pat. pr probasidium. 
h hyphal cell, b basidium. sp basidiospore. x720. (From Baker, 1936.) 


The ancestors of the rust fungi probably are to be found in the Uredinella- 
like Auriculariales, and indeed one may assume that the most primitive living 
forms are those exhibiting a complete life cycle. We will discuss the rust fungi, 
therefore, in three sections. The first section will describe the essential details 
of the so-called complete life cycle and the type of spores which are produced 
during Its progress. In the second section we will discuss the modifications of 
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the complete life cycle which appear, that is, the loss of certain features and the 
retrogressive evolution of others. The third section will be devoted to the 
taxonomic arrangement of the rust fungi. 


I. The complete life cycle of the rust fungi 

Those rust fungi possessing a complete life cycle are designated as macro- 
cyclic types or cw-types. Eu is added as a prefix to the generic name as con¬ 
venience requires. The term Eu-Puccinia is an example. These forms are mostly 



Fig. 398. Acervu!us-like spermogonium of the fern rust Hyahpsora Aspidiotus (Pk.) Mgn. 
on a needle of Abies halsamea (L.) Mill, ep epidermis of the lower surface of the needle, sp sper- 
matia. ^280. (From Hunter, 1927.) 


self-sterile because their mycelia are bipolar and heterothallic (Craigie, 1942); 
therefore the leaf of the host within which the fungus is developing must be 
infected with two sexually contrasting types of basidiospores, the A and B types, 
so that sexuality may occur at the proper time. In a few self-fertile homothallic 
types, it is necessary that the host leaf be infected with only one type of basidio- 
spore. 

The basidiospores usually are formed in the spring of the year in temperate 
climates. The germination tube of the basidiospore penetrates the tissue of the 
immature leaf of the host and develops a haploid upmucleate mycelium. After 
about ten days, spermogonia appear on the upper surface of the leaf where 
the first type of the spore is produced. The spermogonia either are shallow 
and shaped like acervuli (figure 398), or they are arched upward like pycnidia 
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(figure 399). If they are of the latter form, they possess a crown of periphyses 
surrounding the mouth of the structure. The spermatia, which often are called 
pycnospores in the taxonomic literature, resemble the spermatia of the Asco- 
mycetes in structure (figure 165), and like those of the Ascomycetes, they are 
unable to develop further by themselves and are not infective. The spermatia 
are the specialized sex cells. 

While the spermogonia are developing on the surface of the leaf, the haploid 
mycelium penetrates the leaf tissue until it reaches the under surface, forming 
small balls or clusters of hyphae. These hyphal clusters become the aecidia. 



Fig. 399. Development of an imbedded spermogonium. 1 young primordial hyphae between 
the epidermis and palisade layer of the host leaf. 2 more mature stage, with disintegrating terminal 
cells on. 3 mature spermogonium. ep epidermis of the upper surface of the host leaf, per peri¬ 
physes. 5/7./;. spermatia-forming hyphae. .v/? spermatia. (/ and 2 represent/’//ccm/a Pers. 

on a Berberis leaf 5 or 6 days after infection. 3 represents Puccinia triticina Erikss. on the leaf of 
Thalictntm 9 days after infection.) /, 2 x485; 3 x425. (From Allen, 1930, 1932.) 


and the second type of spore is formed within them. The hyphae within the 

cluster become arranged more or less in a palisade. They begin to enlarge and 

then to degenerate at their tips (figure 403). This degeneration continues until 

only one to five basal cells remain. The persistent basal cells are filled with 

dense cytoplasm. Obviously, the increase of their cytoplasmic contents depends 

on the rich nourishment they receive at the cost of the degenerating terminal 
cells. 

In the meantime, the spermogonia become functionally mature (figure 399 
3), and are raised slightly above the surface of the leaf. They produce spermatia 
which are released in small droplets of liquid called nectar. These droplets 
usually exude a sweetish, and rarely an offensive, odor which attracts some 
species of insects. In most species, the haploid mycelium has grown outward 
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through the spermogonia by this time (figure 401), or it has grown through the 
stomata at some other place on the leaf, or through the epidermis between the 
epidermal cells (Andrus, 1931; Ashworth, 1935). These hyphal extrusions 
on the upper surface of the leaf are fertilization organs. In contrast to the peri- 
physes, these sexually significant hyphae are delicate and curved. Although 
they look like ordinary hyphae, they possess a greater tendency for copulation. 
Probably they represent a specific and new structural type appearing for the 
first time in the rust fungi. 




Fig. 401. Three mature spermogonia of Puccinia graminis 
Pers. on the upper surface of a leaf of Berberis vulgaris L. sp sper- 
matia. per periphyses. r copulation hyphae. /; nectar drop. 
xabout50. (From Buller, 1938.) 


Fig. 400. Formation of spermatia in a mature spermogonium of Cronartium ribicola J. C. 
Fisch. xll30. (From Colley, 1918.) 


Dikaryolization can occur under the following three conditions: 

I. By spermatization: Spermatia from a spermogonium produced by the 
B type of hyphae are carried by flies or other insects to an area infected by 
type A, or conversely the type A spermatia are carried to the type B infection. 
Copulation occurs if the spermatia come in contact with a copulation hyphae 
of the opposite sexual type. The copulation hypha may extrude a small lateral 
branch to meet the spermatium (figure 402, 3-4). On the other hand, if the 
spermatium is situated less favorably, it produces a germination tube which 
enters a spermogonium of contrary type, or it may enter the tissue of the host 
through a stoma and then copulate with a hypha of the contrary type (Craigie, 

1927, 1931; Hanna, 1929; Allen, 1934). 

The nucleus of the spermatium, which arbitrarily is called the male nucleus, 

moves into the sexually contrary copulation hypha (Savile, 1939), and then 




TYPES OF COPULATION 


331 


through the perforations of the cross walls until it finally reaches the devel¬ 
oping aecidium on the lower surface of the leaf. Here it remains from 24 to 
48 hours. It forms a dikaryon when it reaches the so-called female nucleus of 
a basal cell in the aecidium, or one of its daughter nuclei. The dikaryon may 
form earlier in a vegetative hypha in some species (Wang and Martens, 
1939). 


2. By somatogamy: In a 
severely infected leaf, two con¬ 
trary mycelia may copulate 
and exchange nuclei. If this oc¬ 
curs, the spermogonium stops 
secreting nectar and the male 
nuclei which it countains mi¬ 
grate to the aecidium as de¬ 



scribed above (Allen, 1932; Fig. 402. Copulation of spermatia .r/? with the con- 


BrOWN, 1935; Lamb, 1935). hypha r in Pucdma graminis Pers. x 335. (From 

3. By the Buller phenome¬ 


non: If, as in Puccinia helianthi 


Schw., the sunflower rust, or 
as in Phragmidium speciosum 
(Wr.) Cke., a rose rust, a ure- 
dospore (that is to say a binu- 
cleate conidium in the sense 
already stated) germinates in 
the vicinity of a haploid copu¬ 
lation hypha, its germination 
tube may copulate with a hap¬ 
loid hypha within the host plant 
and the resultant nuclear pair 
then migrates to the aecidium 
(Brown, 1932,1940; Oliveira, 
1939). 

The following aspects of 
the rust fungi are important in 
our consideration of the com¬ 
plete type of life cycle: 

\ 1. In the rust fungi, it is 
of no real importance where 
the male nucleus comes from, 
as also is the case in the Asco- 
mycetes of the type of Neuro- 



Fig. 403. Developing aecidium of the fern rust 
Vredinopsis mirabilis (Peck) Magn. beneath the stoma of 
a needle of Abies balsamea (L.) Mill, ep epidermis of the 
lower surface of the fir needle, pu buffer cells, ba basal 
cells. x400. (From Adams, 1919.) 
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spora and as in the Hymenomycetes of the type of Coprinus lagopus Fr. It may 
come from the spermatium or from an ordinary haploid or dikaryotic hypha, 

2. It is of no importance which cell accepts the male nucleus, for it may 
enter a specialized copulation hypha or an ordinary vegetative hypha. 

3. Further, it is of no importance where the male nucleus enters the life 
cycle, that is, copulation may occur in various places. Sometimes copulation 
occurs outside the host plant, and sometimes within it. The form, place, and 
time of copulation, and therefore of nuclear fertilization, are seen to be labile 
in the rust fungi. It is only necessary that two nuclei of contrary sexual types 
be concerned for only under this condition can the functional dikaryon result, 
and of course only then can the aecidial primordia proceed with their normal 
development. 


4. The pairing of the nuclei does not result directly from copulation, as also 
is the case in Neurospora in the Ascomycetes, and in Typhula in the Hymeno¬ 
mycetes. Pairing of the nuclei occurs long after copulation. Plasmogamy there¬ 
fore is separated again in time and place into a cytoplasmic fertilization stage 
and a later nuclear pairing stage. The pairing of the nuclei in the rust fungi 

must occur in a predetermined place in those types possessing the 



complete life cycle. The place of dikaryon formation is the basal 
cells of the aecidial primordia. The place of nuclear pairing has 
been secondarily fixed in the rust fungi. The basal cells correspond 
functionally to the ascogonia of Neurospora. Before the male nucl¬ 
eus reaches the aecidial cell, it forms a nuclear pair in the haploid 
hypha, but this pairing is of no sexual significance and corresponds 
to ordinary heterokaryosis. Only after the nuclei reach the aecidial 
cell is the actual dikaryon formed. Morphologically, the basal cells 
are not similar to ascogonia, but they represent a further advance 
of the Typhula-iypc in which there also is a place preferred for the 
formation of the dikaryon.^’ 

The further development of the dikaryotized aecidial primordia 
to aecidia proceeds in the following manner. The dikaryotic basal 
cells elongate toward the epidermis of the host leaf and each di¬ 
vides to form a binucleate small apical cell (figure 404, am) and a 
binucleate larger basal cell (figure 404, ba). The apical cell cor¬ 
responds to an aecidiospore mother cell. The basal cell again 
elongates and successively cuts off cells until a chain of binucleate 
aecidiospore mother cells has been produced. Occasionally the 

Fig. 404. Chain of aecidiospores of Cronartium ribicola J. C. Fisch. ba basal 
cell, ijw aecidiospore mother cell, ae aecidiospores. i disjunctor cells between the 
aecidiospores. x570. (From Colley, 1918.) 
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basal cell bifurcates and forms an additional chain of spore mother cells. The 
pressure exerted by the elongating chains compresses and destroys the remainder 
of the earlier sterile cells. 

The aecidiospore mother cells themselves divide to form a binucleate larger 
apical cell (figure 404, ae) and a binucleate smaller basal cell (figure 404, /). The 
apical cell becomes round, the wall becomes sculptured, and it is then a bi¬ 
nucleate aecidiospore. The basal cell, the so-called disjunctor cell, usually dis- 



Fig. 405. Section through an immature aecidium of Uromyce\ poae Rabh. on Raniinciihis 
hicaria L. Because of the position of the section, not all of the nuclear pairs and only parts of 
the aecidiospore chains are visible, ep epidermis of the lower side of the host leaf, ps pseudoperi- 
dium. oe aecidiospores. Aa basal cells. x4l5. (From Blackman and Fraser, 1906.) 


integrates and releases the aecidiospore from the chain. Finally after 10 to 
14 days, the pressure of the developing sorus ruptures the epidermis of the leaf, 
and the aecidiospores are disseminated as in the Entomophthoraceae. 

The fate of the first, or terminal, aecidiospore is not the same as that of 
the others formed below it in the chain. In true aecidia, this cell loses its spore 
character just as do the buffer cells of Albugo. Its wall thickens and attains a 
larger size. Finally it cements to the neighboring, likewise deformed, aecidio¬ 
spores to form a usually single-layered tissue called the pseudoperidium (fig¬ 
ure 405, ps). Since the maturation of the aecidiospores proceeds from the center 
of the aecidium towards its margin, this pseudoperidial layer always is attached 
to newly formed cells. If the maturation of the chains of aecidiospores extends 
to the periphery of the sorus, the outermost chains also become modified to a 
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pseudoperidium-like struc¬ 
ture. In this case, not only 
the terminal cells, but the 
total peripheral chain be¬ 
comes part of the pseudo- 
peridium. 

The disjunctor cells in 
these outer chains do not 
stand between the modifi¬ 
ed aecidiospores but are 
squeezed sharply outward, 
forming an external layer 
(figure 407, /), and conse¬ 
quently they no longer serve 
as disjunctors. The meta¬ 
morphosed aecidiospores 
remaining in the outermost 
chain adhere to their neigh¬ 
bors in the chain as did the 
terminal cells of the chains 
within the main body of the 
sorus. 

The apex of the pseudo- 
peridium, together with the 
cells of the host lying over 
it, bursts at the maturity of 
the aecidium. The margins 
of the ruptured tissue usu¬ 
ally curve back from the 
opening (figure 406) and 
form the typical cup-like 
shape of the aecidium. The 
pseudoperidium rises above 
the surface of the host leaf 
in the genus Gymnosporan- 
gium, and its conspicuous 
lacerations impart a char¬ 
acteristic appearance to 
the aecidium. 

The uppermost aecidio¬ 
spores exhibit no such func- 



Fig. 406. Section through the cup-shaped aecidium of 
Uromyceserythronii (DC.) Pass, on a of Erythronium dens 

canisl.. c/? epidermis of the lower side of the host leaf, pj cup¬ 
shaped Oaring pseudoperidium. ae aecidiospores. x300. 
(From Sappin-Trouffy, 1896.) 



Fig. 407 



Fig. 408 


Fig. 407. Section through the margin of the aecidium 
of Puccinia graminis Pers. int inner side of the pseudoperi¬ 
dium where the true aecidiospore chains are found, pj pseudo¬ 
peridium cells. / disjunctor ceils. basal cell. A host tissue. 
x500. (From Kurssanow, 1914.) 


Fig. 408. Section through the margin of a caeoma of 
the blackberry rust, Phragmidittnt rubi (Pers.) Wint. ep epi¬ 
dermis of the leaf, per periphyses. ae aecidiospores. / dis¬ 
junctor cells. basal cell. x400. (From Sappin-Trouffy, 

1896.) 
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tional modification in some retrogressive species. The aecidium of these species 
possesses no pseudoperidium such as that described above (figure 408). The 
sorus lies naked or is surrounded only by periphyses within the tissue of the 
host and just beneath its epidermis. These naked aecidia are called caeomata. 

A conspicuous feature of the rust fungi is the predetermined place in the 
haploid mycelium, namely in the aecidium, in which functional nuclear pairing 
occurs. The production of the sexually functional dikaryon leads to the devel- 



Fig. 409 Section through the margin of the uredospore sorus of Milesia polypoJophila (Bell) 

Faull on Polypodium Virginia,mm L. ep epidermis of the lower surface of the leaf, ps ephemeral 

pseudoperidium. «/■ uredospores. i disjunctor cells. 6a basal cell, h uredospore mother cell, m basal 
hyphal layer. x400. (From Moss, 1926.) 

opment of the aecidiospores whose nuclei behave differently than those in the 
mycelium which preceeded them. 

In some genera, for example in the sunflower rust Puccinia helianthi Schw. 
and m the rose and blackberry rusts of the genus Phragmidium, changes in the 
nuclear constitution are not accompanied by changes in the nutritional nor in 
the physiological behavior of the mycelium. A similar situation exists in the 
Hymenomycetes where the pairing of the nuclei also occurs without any essen¬ 
tial change in the behavior of the hyphae. The binucleate mycelium developing 
from the aecidiospore parasitizes another individual of the same host species 

in the same manner as did the original haploid mycelium. These types of rust 
fungi are said to be autoecious. 

In most of the agriculturally important rust fungi, on the other hand, 
nuclear pairing initiates a new gene combination which imparts a new nutri¬ 
tional physiology to the fungus. Therefore the binucleate mycelium developing 
from the aecidiospore cannot reinfect the host that bore the aecidium but must 
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infect a different species. The common rust of grasses and cereales, Puccinia 
graminis Pers., passes the haploid phase of its life history on the leaves of Ber- 
ben's and produces spermogonia and aecidia on this host. The dikaryotic my¬ 
celium, however, is not able to infect Berberis leaves but must develop on certain 
species of grasses and cereals. The production of aecidiospores necessitates this 
change of host species. This type of rust is said to be heteroecious. The blister 
rust of white pine, Cronartium ribicola J. C. Fisch., produces spermogonia 

and aecidia on the five-needle pines, but the dikaryotic stage grows on certain 
species of Ribes. 



Fig. 410. Section through a young uredospore sorus of Co/eosporium solidaginis Thuem. on 
the lower surface of a leaf of /7/g^u.ra Mill. ^/7 epidermis. At? basal cell, w uredospore mother 

cell, z/r uredospore. / disjunctor cell. xabout400. (From Moss, 1929.) 


After about 10 to 14 days, the dikaryotic mycelium which develops from the 
germinating aecidiospore produces a sorus on the lower, or rarely the upper, 
surface of the host leaf. This sorus produces the uredospores which represent 
the third type of spore appearing in the life cycle. The sorus is covered with 
a pseudoperidium in the geologically older genera. The uredospores are pro¬ 
duced in chains but are separated from each other by disjunctor cells. In the 
geologically younger representatives, the uredospore sorus is naked and the 
uredospores are produced individually, each on a short stalk. 

The uredospore sorus of the chain type (figures 409 and 410) develops as 
does the aecidium. Binucleate basal cells within the hyphal mass cut off a chain 
of binucleate uredospore mother cells, each of which divides to produce a bi¬ 
nucleate uredospore and a binucleate disjunctor cell. This process is similar to 
that occurring within an aecidium except that the basal cell in the uredospore 
sorus is not the site of dikaryon formation as the mycelium producing the sorus 
already was dikaryotic. At the beginning of the development of the sorus of 
some fern rusts, for example of Pucciniastrum, the uppermost uredospore of 
each chain is deformed, as is the uppermost aecidiospore in the aecidium, to 
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form a delicate and usually ephemeral pseudoperidium (figure 409, ps). In 
Coleosporium (figure 410), this functional metamorphosis of the terminal spore 
does not occur (Ashworth, 1934), and the uredospore sorus is of the caeoma 

type. 

The basal cells in an uredospore sorus which produces uredospores singly 
on short stalks do not cut off uredospore mother cells one behind the other. 




Fig. 411. Development of a uredospore sorus of Cronanium ribicola J. C. Fisch. / young 
primordia on a leaf of Ribes in the intercellular space beneath a stoma. 2 an older stage. 3 mature 
stage, ep epidermis of the under surface of the leaf, z/j uppermost uredospore mother cell which 
is dividing to form a pseudoperidium cell ps and a disjunctor cell /. // uredospore mother cell. 
nr uredospores. x330. (From Colley, 1918.) 

The mother cells are formed side by side by a repeated lateral budding (fig¬ 
ure 412), and they divide as in the chain type of production to form a binucleate 
uredospore and a binucleate disjunctor cell. The disjunctor cell does not dis¬ 
appear as in the chain type of uredospore production but becomes a short stalk. 
In Cronartium (figure 411), the uppermost uredospore becomes metamorphosed 
as in the fern rusts to form its part of a pseudoperidium. In Uromyces, Puccinia, 
and Phragmidium^ however, this functional change does not occur and the uredo- 
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Spore soFLis is the caeoma type, that is to say, it is either naked or surrounded 
only by periphyses. 

Biologically the uredospores correspond to conidia, and like them, they are 
usually short lived. They are binucleate, characteristically shaped, and are pro¬ 
duced by a geologically ancient process. As they represent a kind of conidia 
developing asexually from the dikaryotic mycelium, they are able to reinfect the 
same host species that produced them. These spores are especially effective in 

propagating their species. They pro¬ 
duce dikaryotic mycelium on germi¬ 
nation and this mycelium again pro¬ 
duces uredospore sori after 10 to 14 
days. New generations may succeed 
each other many times during the 
summer, and consequently vast num¬ 
bers of infective uredospores are pro¬ 
duced. 

After a certain time, usually at the 
approach of autumn in temperate cli¬ 
mates, the binucleate mycelium no 
longer forms uredospore sori but be- 

Fig. 412. Section through the margin of ginS tO produce the fourth type of 
duredosporesorusofp/iragmu/iumrubi(Pers.) spore, the teleutospore. Karyogamy 

Wint. ep epidermis of the lower side of the ♦ . it- 

leaf, per periphyses. ba basal cells. « uredo- telcutOSpore, and this 

spore mother cell. uredospore. /disjunctor process terminates the dikaryophase. 

cell which has become a stalk cell, x 565. xhe teleutospore corresponds to the 

(From Sappin-Trouffy, 1896.) i. -j- . i - i 

probasidium of the Auriculanales in 
respect to its place in the nuclear 
cycle. The teleutospores usually are thick-walled (figure 413) and are resistant 
to drying and to low temperatures with such exceptions as the fern rust 
(figure 420) and Cronartium (figure 423). Almost always, they undergo an oblig¬ 
atory resting period. Biologically, they fulfill the function of resting spores 

which preserve the species during the winter when suitable host leaves are not 
available. 

Germination of the teleutospore occurs during the early part of the following 
spring. Each cell germinates individually in the event that the spore is several- 
celled. Each of the germinating cells produces a basidium (figure 414) which 
bears the fifth type of spore, the basidiospore. Meiosis occurs in the basidium 
and the basidiospores reinstate the haploid phase of the life cycle. The basidio- 
spores germinate to haploid mycelia. If the rust requires an alternation of hosts, 
the basidiospores must infect the same species which produced the aecidiospores 
during the previous summer. The black rust of grasses, therefore, must return 
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to the leaves of Berberis. When this occurs, the life cycle described as the com¬ 
plete type has been consummated. This type of life cycle may be summarized 
as indicated in the following diagram: 


Sexual cycle 


A-Basidio- 

spore 

B-Basidio- 

spore 


Haploid 

* 
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Haploid 
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Fertilization 
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^ The following features of the complete type of life cycle are important: 

The haploid mycelium brings together the contrary sexual types of nuclei 
by spermatization or by somatogamous hyphal copulation. This process is the 
beginning of the sequence which later permits dikaryotization to occur in a 
definite place, namely in the aecidial primordia.i The binucleate phase persists 
until karyogamy occurs in the teleutospore. The haploid condition is regained 
by meiosis in the basidium. The place of dikaryotization, karyogamy, and 
meiosis is fixed in the rust fungi which is not the case in the Hymenomycetes. 
The rust fungi, therefore, unlike the Hymenomycetes, exhibit a true alternation 
of generations sharply defined by a haplophase and an equally precisely limited 
dikaryophase. The alternation of generations is especially evident because it 
corresponds to a change in the host species in those rusts which require alter¬ 
nating hosts. 

2. The haplophase and the dikaryophase are asymmetrically developed in 
the rust fungi. The haplophase is of short duration and cannot propagate itself 
as such because the one spore form which it produces, the spermatium, actually 
is a specialized sex cell. The dikaryophase, on the other hand, produces not 
fewer than three types of spores, namely aecidiospores, uredospores and teleuto- 
spores. Since the uredospores represent dikaryotic eonidia, the dikaryophyte 

* In the diagram and discussion, the A race is considered as the donator of the second nucleus, 
and the B race the recipient. Actually, the B race may supply the additional nucleus and the A race 
serve as the recipient as both races produce spermogonia and fertilization hyphae. 
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is able to propagate independently in contrast to the haplophyte. The rust fungi 

must be considered as extreme pleomorphs because of the multiplicity of spore 
types which they produce. 

3. The fact that dikaryotization in many rust fungi necessitates a change 
in host species is an important aid to our understanding of the significance of 
the dikaryophase of all Basidiomycetes. Sexuality essentially is a phenomon 
which produces a different biological product. In the Hymenomycetes, there 



Fig. 413. Section through a developing teleutospore sorus of Phragmidium rubi (Pers.) Wint. 
with teleutospores in all stages of development, pi'r periphyses. wr uredospore. /^/mature teleuto¬ 
spore. x400. (From Sappin-Trouffy, 1896.) 


is the problem of whether the nuclear pairing, which produces no essentially 
new product biologically speaking, should be considered a sexual phenom¬ 
enon. In the alternating host type of rust fungi, the product of dikaryotization 
is a new product, both physiologically and morphologically. The alternation 
of hosts in the rust fungi therefore gives evidence of the true sexual character 
of dikaryotization in the Basidiomycetes, and a confirmation of the singular 
fact that the dikaryon of the Basidiomycetes is analogous to the diploid nucleus, 
or the synkaryon, of other organisms. The chromosomes and the inherited 
characters from both parents remain temporarily in their respective original 
nuclei which constitute the dikaryon, and they are morphologically separated 
from each other; but physiologically they function as a unit and exert the same 
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effect as if they had fused and were enclosed by a nuclear membrane as in other 
organisms. The special feature of the dikaryophase of the Basidiomycetes is 
that it permits a physiological union of nuclear effects, and only at some future 
time does morphological union, or karyogamy, occu^ 

2. The modifications of the life cycle of the rust fungi 

The complete life cycle of the rust fungi is characterized by the successive 
production of five kinds of spores before the cycle is completed. This has been 
true at least during and since the Mesozoic Era, 

Besides this persistent type of life cycle, obviously 
there have been deviating types, appearing at vari¬ 
ous evolutionary levels, as side lines of the onward 
course of evolutionary development. Types of rusts 
with modified life cycles branch form the main evo¬ 
lutionary stem. Therefore ancient geological types 
of rusts exist today side by side with more recent 
types. We will describe briefly five types of these 
modified life cycles (Jackson, 1931). 

1. Repeated formation of aecidia. Normally, the 
aecidiospore germinates to form a binucleate my¬ 
celium which produces many generations of uredinia 
and uredospores during the summer. But this my¬ 
celium also can produce aecidia again apomictically 
so that successive aecidia and aecidiospores also 
follow each other. The rose rust, Phragmidium mu- 
cronatum (Pers.) Schlecht. [ = Phragmidium disci- 
florum (Tode) James] is an example of the auto- 
ecious type which may produce as many as six 

generations of the caeoma type of aecidia before Fig. 414. Germinating 

establishing the primordia of uredospores, and teieutospore of Phragmidium 
later of the teleutospores. Among the heteroecious (Pers.) Wmt. b basidmm. 

, ... - _ , basidiospore. x465. (From 

rusts, the aecidiospores of Cronartium Harknessii Sappin-Trouffy, 1896 .) 
Meinecke (Meinecke, 1916, 1920), a species growing 

on Pinus contorta Dough, on Pinus ponderosa Dough, on Pinus radiata Don, 
and on other species of pine in the Western States, may reinfect the same 
species of Pinus and again produce aecidia, -This blister rust therefore can¬ 
not be controlled merely by destroying certain species of Scrophulariaceae 
which serve as its intermediate host. The apomictically developing caeomata, 
or aecidia, normally are not associated with spermogonia, and therefore must 
be regarded as secondary structures. 
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The repeated formation of aecidia involves the production of a type of spore 
which usually is dependent on a specific nuclear phenomenon, namely, the for¬ 
mation of a dikaryon. But when the apomictic development of aecidia or 
caeomata occurs, this type of spore repeatedly appears without this karyological 
provision. The rust fungi resemble the Hymenomycetes in this disappearance 
of the sharp boundary between the haplophase and the dikaryophase. 

In other modified types, certain spore forms are suppressed. The result of 
this suppression is a shortening of the life cycle. This abbreviation of the life 
cycle can occur exceptionally in a species which normally exhibits the complete 
life cycle. For example, Jackson (1931) described a collection of teleutospores 
of the North American Puccinia orbicula P. and C. on a specimen of Nabalus, 
a genus of Cicboriaceae, which contained individuals capable of undergoing the 
life cycle of the ^’w-type, that is, one which involved the successive formation 
of spermogonia, aecidia, uredospore sori, and teleutospore sori. Other indi¬ 
viduals exhibited not less than three types of abbreviated microcyclic life cycles. 
There was the brachvAypQ involving spermogonia, uredospore sori, and teleu¬ 
tospore sori, but no aecidia. There also was the opsis-iype which produced 
spermogonia, aecidia and teleutospore sori, but no uredospore sori. The micro- 
type also was represented which produced spermogonia and teleutospore sori, 
but no aecidia nor uredospore sori. Puccinia orbicula P. and C. is an example 
of a contemporary rust which has not yet established a stable life cycle. If we 
consider the possibility that each of these types of unstable cycles might become 
stable, then we will recognize the microcyclic rusts which now will be described. 

2. The brachy-type of life cycle: The brachy-iype of life cycle is the opposite 
of that in which aecidia are produced repeatedly, for in this type the aecidium 
is suppressed completely. The hyphal knot, to which the sexually contrary 
nucleus migrates, itself develops the uredospore primordium quite indepen¬ 
dently. The rusts of the brachy-type possess only spermogonia, uredospore 
sori, and teleutospore sori, and they always are autoecious. 

The basidiospore of Triphragmium Ulmariae (Schum.) Link (figure 428, 3) 
germinates to a uninucleate mycelium which produces in turn the spermogonia 
and the large, irregularly shaped, bright orange-red uredospore sorus (Olive, 
1908; Kurssanow, 1922; Lindfors, 1924). The primary uredospores are bi- 
nucleate as in the complete life cycle type. The aecidiospores infect again the 
Ulmaria host and develop binucleate mycelia which produce small, roundish, 
golden-brown secondary uredospore sori. Later, this mycelium produces the 
teleutospore sori. The brachy-type coincides therefore with the complete life 
cycle type in principle, but the primary uredospore sori appear in place of the 
aecidia. 

In certain types, such as Puccinia helianthi Schw. (Bailey, 1923) and Puc¬ 
cinia punctata Lk. on Galium cruciata (L.) Scop. (Gaumann, 1937), the brachy- 
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type often appears along with analogous ^w-types, and one might assume that 
there is a genetic relationship between them. There has appeared recently 
experimental proof that a brachy-iy^t may be induced in a ew-type by a lethal 
combination of genes (Newton and Johnson, 1937). 

If the wheat-infective races known as 9 and 36 of Puccinia graminis Pers. 
be hybridized, the host plant remains the same in the and Fo generations. 
Also, in the F 3 generation, the basidiospores infect Berheris vulgaris L. and 
develop the usual spermogonia-producing mycelium. Neither a fusion with the 
spermatia produced by these spermogonia, nor with the spermatia produced 
by other races, can induce the formation of aecidia, but 44 days after the in¬ 
fection uredospore sori and later teleutospore sori appear on the same leaf 
among the spermogonia. Therefore, it can be shown experimentally that a 
hrachy-iypQ can be derived from a t'w-typc, and that the necessity for alternating 
hosts can be eliminated. A rust that has been modified from the cw-lype to the 
hrachy-iypt as described above, depends solely on the aecidial host, and hence¬ 
forth forms on it the uredospore and the teleutospore sori. The necessity for 
the wheat plant as a host in the life cycle disappears. 

3. The opsis-type of life cycle: The uredospores are suppressed in the opsis- 
type of life cycle and only spermogonia, aecidia and teleutospores remain. The 
binucleate mycelium which develops from the aecidiospore is able to produce 
only teleutospores. The dikaryophyte, like the haplophyte, is not able to prop¬ 
agate itself independently from one host plant to another by means of conidia. 
The effect of the lack of uredospores is partly overcome by the apomictic devel¬ 
opment of successive aecidia in some species, for example in Uromyces scrophu- 
lariae (DC.) Fckl. and in Uromyces heclysari ohscuri (DC.) Wint, (Kurssanow, 
1916). 

One might assume that the opsis-iype, has retrogressively evolved from the 
ew-type when these types are closely related. For example in the autoecious 
group, Uromyces primulae integrifoliae (DC.) Niessl lives on Primula integri- 
folia L,, Primula viscosa All., and on other species in the Alps. This form of 
the species is classified as Uromycopsis. The morphologically similar Uromyces 
primulae Fckl. lives on Primula hirsuta All., Primula viscosa All., etc., and it 
is called Eu-Uromyces. The first-named species probably has evolved from the 
latter merely by a suppression of the uredospores. 

Gymnosporangium, an example of an heteroecious rust, is represented over 
the entire earth by some species or other. All except one are of the opsis-Xypo, 
and produce spermogonia and aecidia on some species of the Pomoideae, and 
teleutospores on some species of the Juniperaceae. The single exception is 
Gymnosporangium nootkatense (Trel.) Arth., which is distributed on the western 
coast of the United States from Oregon to Alaska. This rust alternates from 
Pirus and Sorbus to Chamaecyparis. This species is a ^M-type as uredospores 
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and teleutospores are produced on Chamaecyparis, and it probably represents 
the original evolutionary type of the genus Gymnosporangium. 

4. The micro-type of life cycle: The aecidia and uredospores, and some¬ 
times also the spermogonia, are suppressed in the m/cro-type of life cycle. The 
teleutospores are the only spores certain to be produced. This type of life cycle 
does not require an alternation of hosts and it must proceed autoeciously. 

The Malva rust, Puccinia malvacearum Bert., will serve as an example of 
a rust having the w/c/o-type of life cycle (Lindfors, 1924; Ashworth, 1931. 



Fig. 415. Chrysomyxa abietis (Wallr.) Ung. I primordia of a teleutospore sorus. 2 binucleate 
hypha is developing from a basal cell, the uppermost cell of which is becoming the germinating 
teleutospore. /? basidia. i germinating teleutospore. /?« buffer cells. ^^7 basal cells which are thick- 
walled in this species. I ■ 1200; 2-3 x400. (From Lindfors, 1924.) 


1935, Allen, 1933, 1935; Brown 1940). This species is homothallic and does 
not produce spermogonia. The germination tube of the basidiospore produces 
a uninucleate mycelium in the host. These hyphae develop the primordia of 
the teleutospores, usually on the lower surface of the leaf. Somatogamy, or 
autogamy, occurs in these hyphae, and the formation of the teleutospore pri¬ 
mordia soon follows (figure415, /). The anatomical details of the process are 
strongly reminiscent of those of the formation ofaecidial primordia with their 
buffer and basal cells (figure 403), The basal cell becomes binucleate and devel¬ 
ops a short binucleate hypha bearing a teleutospore at its tip. Meiosis occurs 
during the germination of the teleutospore, and the basidium and basidiospores 
which are then produced are haploid. The basidiospores infect a new host plant 
and again produce uninucleate hyphae and primordia. The Maha rust is able 
to complete its cycle many times in a season in contrast to the macrocyclic 

species. As autumn approaches, germination is postponed until the following 
spring. 

M/r/'o-types such as those described, whose teleutospores germinate im- 








EVOLUTION OF THE MICRO-TYPE 


345 


mediately, are called lepto-forms. The rust fungi have degenerated in these forms 
to the level of the probasidium-forming Auriculariales and Taphrina deformans 
(Berk.) Tul. 

The long haplophase and the short dikaryophase are noteworthy features 
of such w/CTO-types as Puccinia malvacearum Bert., Chrysomy.xa ahietis (Wallr.) 
Ung. (figure 415) on Picea needles (Lindfors, 1924), Tranzschelia fusca (Relh.) 
Diet, on Anemone nemorosa L., and of many other species. All of these forms 
belong to the group in which the uninucleate phase dominates the life cycle. 
However, Tranzschelia fusca (Relk.) Diet, does have spermogonia so that 
spermatization probably occurs in this exceptional species. 

Puccinia aegopodii (Schum.) Mart. (Kurssanow, 1922) and Puccinia epilohii 
DC. (Lindfors, 1924) represent a second group in which nuclear pairing does 
not occur in the teleutospore primordium, but long before in the mycelium. 
The haplophase is shortened in these types, and the vegetative mycelium is 
chiefly dikaryotic. 

A third group, represented by Puccinia arenariae (Schum.) Wint., a lepto- 
form parasitizing species of Caryophyllaceae, follows in general the same devel¬ 
opmental cycle as that of Corticium terrestre Kniep (figure 306). The diploid 
nucleus migrates from the teleutospore into the developing basidium and 
divides. The first division is followed by the appearance of a cross w'all. Mei- 
osis is completed by a second division which is not followed by the appearance 
of another cross wall. The result is that two nuclear pairs move into the young 
basidiospore. In the instance of Puccinia arenariae (Schum.) Wint., the basi¬ 
dium bears only two basidiospores. Consequently the total mycelium of this 
species is dikaryotic (Lindfors, 1924). 

From the evolutionary viewpoint, the w/c/o-types probably arose through 
the suppression of the aecidia and the uredospores of the cw-types. This theory 
is supported by experimental results obtained from Puccinia orbicula P. and C. 
and Puccinia graminis Pers., and also by several evidences from naturally grow¬ 
ing forms. For example, numerous w/c/-o-types live on the aecidial hosts of 
heteroecious cw-types (table 2) and produce the same pathological effects on 
them. Also, these forms possess similar teleutospores, even with respect to 
their more minute characters, as do the correlated cw-types. One may assume 
from these observations that certain naturally occurring races of the cw-types 
have suffered a disturbance of their life cycles, resembling in principle the ex¬ 
perimentally induced change from the cw-type to the brachy-iype in Puccinia 
graminis Pers. Such changes would reduce the life cycle of the rust to the micro- 
type, and from then on, the species would be limited to its aecidial host. 

Uromyces Ficariae (Schum.) Lev. and Uromyces scutellatus (Schrank.) Lev. 
furnish additional evidence of the probability that the micro-type of life cycle 
represents the end of a retrogressive evolutionary sequence. 
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Uromyces Ficariae (Schum.) Lev. on Ranunculus Ficaria L., which probably 
descended from the hetereu-iypQ Uromyces rumicis (Schum.) Wint., is a micro- 
type biologically because its propagation is accomplished mainly by teleuto- 
spores and basidiospores, but morphologically it is a spermogonia-lacking 
hrachy-\ypQ because there are one-celled uredospores scattered among the 
teleutospore primordia. These uredospores are like those of Uromyces rumicis 
(Schum.) Wint. in structure. In spite of the disturbance in the life cycle which 
induced this rust to retire to the original aecidial host, the uredospore for¬ 
mation has not been abandoned completely. Uromyces Ficariae {Sc\\\xm.)h€\. 
appears from these evidence to be a retrogressive form. 

The second example is furnished by the group represented by Uromyces 
scutellatus (Schrank.) Lev. This group includes numerous rusts living on 
Euphorbia. Many of these are w/c/*o-types which are related in part to auto- 
ecious ^w-types of the Uromyces proeminens (DC.) Lev. form, and also in part 
to the heteroecious cw-types which produce their aecidia on Euphorbia and their 
dikaryotic phases on members of the Caryophyllaceae and Papilionaceae. The 
production of aecidia and uredospores was suppressed when the disturbance 
of their cycle occured, and the heteroecious forms returned to their aecidial 
host by means of their teleutospores. In a few of these types, the mycelium 
which finally produces the teleutospores begins with the formation of aecidial 
primordia which become changed during the course of their development to 
produce teleutospores (Tranzschel, 1910; Kurssanow, 1922). One finds, there¬ 
fore, in the young teleutospore primordia of Uromyces scutellatus (Schrank.) 
Lev. and of Uromyces alpestris Tranzsch., which grow on Euphorbia cyparissias 


Table 2. The host plants of some heteroecious ew-types of rusts and the w/cro-types which 
probably were derived from them. 


Hetereu-iy'pQ 

A/Zero-type 

Rust species 

Aecidial host 

Uredospore and 
teleutospore host 

Rust species 

Teleutospore 

host 

Chrysomyxa rhodo- 
dendri (DC.) de By. 

Tranzsch. pruni spi- 
nosae (Pers.) Diet. . 

Uromyces rumicis 
(Schum.) Wint. 

Uromyces caricis sem~ 
pervirentis Fisch. . . 

Uromyces veratri . . 
(DC.) Wint. 

Puccinia veratri 

(DC.) Duby .... 

Puccinia longissima 
Schroet. 

1 

Picea 

Anemone 

Ficaria 

Phyteuma 

Adenostyles 

Epilobium 

Sedum 

Rhododendron 

Primus 

Rumex 

Carex 

Veratrum 

Veratrum 

Koeteria 

Chrys. abietis 
(Wallr.) Wint. 
Tranzsch. fusca 
(Relh.) Diet. 

Ur. ficariae 
(Schum.) L^v. 
Ur. phyteumatum 

(DC.) Ung. 

Ur. cacaliae 

(DC.) Wint. 
Pucc. epilobii 

DC. 

Pucc. sedi 

Koern. 

Picea I 

Anemone 1 

Ficaria I 

Phyteuma 

Adenostyles 

Epilobium 

Sedum 
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L., more or less numerous pseudoperidial cells, and rarely also aecidiospores, 
and less rarely uredospores. The same situation exists in Uromyces laevis Koern. 
which grows on Euphorbia Seguieriana Neck. The primordia which are the sites 
of nuclear pairing formerly were thought to become aecidia, and we have here 
before our eyes the stages involved in the suppression of a phase in the life 
cycle. But since the change in the primordia from the aecidia-producing to the 
teleutospore-producing type occurred ontogenetically so late in the evolutionary 



Fig. 416. Development of Endophyllum sempervivi (A. and S.) de By. on Semperviviim tec- 
torum L. 1 chain of aecidiospores with basal cell ha, aecidiospores ae, and disjunctor cell /. 2 be¬ 
ginning of karyogamy in an aecidiospore. 3 a diploid aecidiospore beginning to germinate. 4 an 
aecidiospore has germinated to produce a basidium. xabout 600. (From Hoffmann, 1912.1 


sequence, all elements were not involved. The phenomena described produce 
a very special situation, namely, the aecidia are not open structures and they 
contain teleutospores! 

5. The endo-type of life cycle: The micro-Xyp^ and the endo-iypQ of life 
cycles are alike in that their dikaryophases are suppressed, but they differ in 
the place at which dikaryotization and karyogamy take place. In the micro- 
type, as we have seen already, the place of nuclear pairing is shifted but that 
of karyogamy remains fixed, while in the e/7Jo-type, nuclear pairing occurs in 
a fixed place and karyogamy is shifted. Dikaryotization in the m/c/*o-type of 
life cycle is delayed and takes place in the teleutospore primordia rather than 
in the aecidia. The aecidia and uredospore primordia are abortive. However, 
the teleutospore continues to be the site of karyogamy. The site of dikaryoti¬ 
zation continues to be the aecidial primordia in the cw^/o-type, and therefore 
karyogamy occurs earlier in the cycle, in fact it has been shifted back to the 
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accidiospore. The result is that the aecidiospores germinate to form basidia, 
and the uredospores and teleutospores are suppressed. 

Enclophyllum sempervivi (A. and S.) de By. (Ashworth, 1934) exemplifies 
the endo-iypt of life cycle. The haploid mycelium of this species lives perennially 
in the rosettes of Sempervivum. The basidiospore germinates to a uninucleate 
mycelium which produces spermogonia and aecidia as usual. Dikaryotization 
occurs in the aecidial primordia, and the primordia then proceed to form 
aecidia and aecidiospores by the normal sequence (figure 416). But an anomaly 



Fig. 417. I section through the margin of an aecidium of a uninucleate apomictic race of 
Endophyliuffi enphothiae silvaticae (DC.) Wint. 2 section through the pseudoperidium. ps pseudo- 
peridial cells, at* aecidiospores. / disjunctor cells. x 535. (From Mme Morfau, 1914.) 

now appears because karyogamy already has taken place in the aecidiospore 
(figure 416, 2-3) which does not germinate by a binucleate germination tube 
as might be expected. The diploid nucleus of the aecidiospore undergoes mei- 
osis and germinates to form a basidium (figure 416, 4). The basidiospores again 
infect the rosettes of Sempervivum. 

The haplont is seen to be produced in the endo-iype. of life cycle just as in 
the ew-type, and the aecidia appear to be the usual kind in so far as their ex¬ 
ternal features go. The real differences between the endo-iypQ and ew-type may 
be summarized as follows: 

1. The life cycle of the endo~iypQ is terminated by the aecidia. 

2. The aecidiospore germinates to a basidium, rather than to a binucleate 

germination tube. 

3. The alternation of generations is suppressed as in the w/cro-type, con¬ 
sequently the rust lives autoeciously on its host. The mycelium is haploid and 

produces spermogonia and aecidia. 
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Theoretically, it is significant that the nuclear fusion at an unexpected lime 
and place in the aecidiospore leads directly to the production of the basidium 
and to meiosis. One would expect that the diploid aecidiospore would produce 
a diploid mycelium; but it seems that dipioidy, which was yet possible in the 
Blastocladiales and Saccharomycetales, is abandoned completely in the higher 
Ascomycetes and in the Basidiomycetes. The diploid nucleus is unstable to a 
certain degree in the higher Ascomycetes and Basidiomycetes. This is evidenced 
by its undergoing meiosis almost as soon as formed. Karyogamy and meiosis 



Fig. 418. Germination of an aecidiospore of a binucleate apomictic race of Endophyllum 
euphorhiae silvaticae (DC.) Wint. 1 binucleate aecidiospore. 2-7 germination without karyogamy. 
H germination of a binucleate basidiospore. x565. (From Sappin-Trouffy, 1896.) 


always are coupled in the life cycle of these higher fungi, in fact meiosis occurs 
during the very next nuclear division after karyogamy has taken place. 

It is apparent that the place where karyogamy occurs is unimportant. If it 
occurs in the teleutospore as in other rusts, then meiosis immediately follows 
and the teleutospore germinates to a basidium; but if it occurs earlier in the 
aecidiospore, then the aecidiospore also undergoes meiosis and germinates to 
produce a basidium. 

It cannot be surprising that disturbances in the life cycle as great as those 
described lead to degenerate anomalies in certain species. An example of such 
a species is Endophyllum euphorbiae silvaticae (DC.) Wint. on Eupfwrbia amyg- 
claloides L. (Mme. Moreau, 1914). The development of this species is similar 
to that of Camarophyllus in the Hymenomycetes in which the entire life cycle 
consists of a uninucleate phase. This haploid mycelium produces uninucleate 
aecidiospores (figure 417) which germinate vegetatively to a uninucleate haploid 
basidium. Other races of Endophyllum euphorbiae silvaticae (DC.) Wint. (Mo¬ 
reau, 1919) and a race of Endophyllum sempervivi (A. and S.) de By. (Maire, 
1900) carry out their entire life cycles in the binucleate phase (figure 418). These 
binucleate mycelia produce aecidia apomictically and the aecidiospores ger- 
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minate, without karyogamy or meiosis, to produce basidia. The originally 
uninucleate basidiospores, of the Corticium terrestre Kniep type (figure 306), 
again are binucleate. 

From the evolutionary viewpoint, the ench-iypQ of life cycle should be re¬ 
garded as the terminal stage of a sequence stemming from the complete or 
c;/-type. The c/zr/o-types therefore represent degenerate forms. An example is 
furnished by Gymnoconia interstitialis (Schlecht.) Lagh. which lives on Rubus 
arcticus L. and Rubus saxatiHs L. in the Northern Hemisphere as an opsis-typ^. 
This species produces haploid mycelia, spermogonia, brilliantly golden-yellow 
caeomata, and localized dikaryotic mycelia which produce teleutospores more 
or less abundantly. 


Uredinales: 



Auriculariales 


Fig. 419. The probable morphological relationship between the families of rust fungi. 

Two undoubted retrogressive forms of this original type appear in the United 
States, chiefly on cultivated species of Rubus. The life cycle of both types is 
microcyclic according to the Endophyllum scheme, and the nuclear behavior of 
both forms is apomictic, but the number of nuclei in their caeomaspores differs. 

In the form called Caeoma nitens (Schw.) Burr, or Kunkelia nitens (Schw.) 
Arth., the basidiospore forms a systemic haploid mycelium, which in turn pro¬ 
duces spermogonia and orange-colored caeomata. The color of the caeomata 
is as bright as in the original form. Nuclear pairing occurs in the primordia 
of the caeomata. The binucleate caeomaspores germinate without karyogamy, 
but both pairs of nuclei move into the basidium and divide once synchronously. 
The basidium then is divided into four uninucleate cells, each of which produces 
a uninucleate basidiospore (Kunkel, 1914, 1916; Dodge, 1923; Dodge and 
Gaiser, 1936). 

The other degenerate form, whose caeomata are colored a bright yellow, 
carries out its development in the haploid phase as shown in figure 417 (Dodge, 
1924) except that the basidia always contain two nuclei. 
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We must assume that Endophyllum euphorhiae silvaticae (DC.) Wint. simi¬ 
larly represents a degeneration from the original cw-type. In the encio-iype, 
karyogamy has become shifted as nuclear pairing has in the m/c/o-type. 

The five types of modifications of the life cycles of the rust fungi described 

illustrate the two following important features: 

1. The successive production of different types of spores is governed by 

some internal factor. This succession is irreversible. One or the other spore 
type may be suppressed or revived, but the sequence of its appearance in the 
life cycle cannot be altered. This fixed succession of spore types probably is 
associated with the great age, geologically speaking, of the rust fungi. 



Fig. 420. Thin-walled teleutospores of Milesia vogesiaca (Syd.) Faull in the epidermal cells o( 
a species of /e/ teleutospores. walls of the epidermal cells of the host. x 535. (From 

Faull, 1932.^ 

2. The place of nuclear pairing varies, and may occur in the aecidia, uredo- 
spore primordia, or teleutospore primordia. Furthermore, the place where 
karyogamy occurs may be shifted from the teleutospores to the aecidiospores, 
but the place of the meiotic division of the nuclei is fixed invariably, namely 
in the basidia, and this feature of the rust fungi is exhibited also by all other 
Basidiomycetes. In all retrogressive forms of rust fungi, the basidia are retained 
as the only possible place where meiosis can take place. There are rust fungi 
without spermogonia, aecidia, uredospores, or teleutospores, but there are none 
without basidia. 

3. The taxonomic classification of the rust fungi 

The characteristics of the teleutospores furnish the bases for the taxonomic 
classification of the rusts. In most of the primitive families, the teleutospores 
remain within the tissues of the host. Such families are the Pucciniastraceae, 
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Chrysomyxaceae, Colecsporiaceae and the Melampsoraceae. Later in the evo¬ 
lutionary series, these spores are disseminated independently, for they become 
free from the substratum and are carried away by the wind. This is the situa¬ 
tion that exists in the Cronartiaceae and in most of the Pucciniaceae. 

Six families of rust fungi may be recognized from the following key: 

A. Teleutospores not borne on a stalk, formed singly or in groups. 

B. Teleutospores single-celled or vertically septate, borne singly in the host tissue, or in in¬ 
definite crusts. Aecidia with a cylindrical pseudoperidium. 

^ Family 1. Pucciniastraceae. 

BB. Teleutospores single-celled, borne in a layer. 

C. Teleutospores produced in chains. 

D. Aecidia with a pseudoperidium several cells thick and vesicle-like. Uredo-sorus 
covered with a pseudoperidium. Uredospores borne singly. 

Family 2. Cronartiaceae. 

DD. Aecidia with a cup-shaped pseudoperidium only one cell thick. Uredo-sorus 
without a pseudoperidium. Uredospores borne in chains. 

Family 3. Chrysomyxaceae. 

CC. Teleutospores borne singly. 

D. Teleutospores germinating internally. Aecidia with a vesicle-like pseudoperi- 
dium. Family 4. Coleosporiaceae. 

DD. Teleutospores germinating externally. Aecidia without a pseudoperidium 
(caeoma type). Family 5. Melampsoraceae. 

AA. Teleutospores usually borne on a stalk, usually borne singly, rarely borne in a series, occasion¬ 
ally united in a gelatinous mass. Family 6. Pucciniaceae. 



I 

Fig. 421. Development of the teleutospores of Fucci/tiastrum epilobii (Pers.) Otth. on Epi~ 
lobium angustifoiium L. I binucleate primordia cells below the epidermis of the host. 2 the pri- 
mordia cells begin to divide by periclinal walls. 3 the apical cells have elongated but their contents 
are dense while the contents of the basal cells are diminishing. 4 below the fertile cells, or young 
teleui r.r.»ores, there is a layer about three cells thick of degenerating basal cells. The young teleuto- 
sporc have begun to septate by longitudinal walls. 5 horizontal section through a teleutospore 
layer-'-'^'owing the thickened walls of the teleutospores and the germination pore at the apex of 


eacH-* 


-^80. (From Pady, 1933.) 
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The family Pucciniastraceae (figures 409, 420-422) probably includes the 
most primitive and original types of the true rust fungi that are known on the 
earth today. All of the ew-types of the Pucciniastraceae have alternate hosts. 
The haploid mycelium lives on conifers and the dikaryotic mycelium lives on 
ferns or Angiosperms. The genera which cause important plant diseases, or 
which are of theoretical interest, may be recognized by the following key: 


A. Teleutospores usually several-celled by vertical walls. 

B. Teleutospores produced on ferns and having a thin colorless wall. ' 

C. Teleutospores intercellular, subepidermal, or scattered in the leaf mesophyll. Besides 
the thin-walled uredospores, thick-walled amphispores usually are produced. 

1. Uredinopsis Magn. 

CC. Teleutospores intracellular in the epidermal layer of the host leaf. 

D. Only thin-walled uredospores formed whose contents are colorless. 

2. Milesia White (figures 409 and 420). 
DD. Besides the thin-walled uredospores, thick-walled amphispores also are formed. 

Contents of the spores orange-colored. 

3. Hyalopsora Magn. 

BB. Teleutospores produced on Phanerogams, with more or less thick, yellow' or brownish 
cell walls. 

C. Teleutospores intercellular, subepidermal or scattered in the mesophyll. 

4. Pucciniastrum Otth (figure 421). 

CC. Teleutospores intracellular in the epidermal layer of the host leaf. 

D. Uredospores present. 5. Thekopsora Magn. (figure 422). 

DD. Uredospores lacking. 6. Calyptospora Kuhn. 


AA. Teleutospores usually single-celled. 

B. Teleutospores intercellular, subepidermal, with somewhat thickened, brownish-colored 

7. Melampsoridium Kleb. 

BB. Teleutospores intracellular in the epidermal layer of the host leaf, with thin, nearly color¬ 
less walls. g, Melampsorella Schroet. 


The teleutospores of the family Cronartiaceae are produced in chains 

(figure 423) and adhere to the side of the hyphal column which breaks through 

the epidermis of the host. The genus Cronartium lives with a haploid mycelium 
on species of Pinus. 

The Chrysomyxaceae stand beside the Cronartiaceae in the evolutionary 

sequence. They possess modern aecidia with one-layered pseudoperidia anr 

naked uredospore sori. The macrocyclic representatives liv i - 'dikaryotic 

phase on Bicornes and produce their aecidia on the nee(^-r ^^ne scales 

of Picea. There are two groups of w/cro-types within the fa . One may be 

represented by the European Chrysomyxa abietis (Wallr.) Ung. (figure 415) 

which is restricted to Picea, its aecidial host, and the other by the North 

American Chrysomyxa arctostaphyli Diet, which is limited to Arctostaphylos 
Uva-ursi (L.) Spreng., the teleutospore host. 

The Coleosporiaceae, like the Cronartiaceae and Chrysomyxaceae, ha - sori 
covered with a pustule-like pseudoperidium which is ruptured V at 

23 Gaumann 
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maturity, rather than the type of aecidia which opens cup-like as in the Pucci- 
niastraceae and Pucciniaceae (blister rusts in the Cronartiaceae, etc.). 

The Coleosporiaceae represent a retrogressive series in so far as their teleuto- 
spores are eoneerned (figures 424 and 425). The basidia no longer are produced 
in the open, but are formed internally. That is to say, after the nucleus of the 


teleutospore undergoes meiosis, the contents of the spore produce four basidial 
cells, each of which produces a basidiospore. 



Fig. 422. Teleutospore layer of Thekopsora areolata (Fr.) 
Mgn. in the epidermal cells of Primus Padus L., with germinating 
teleutospores and germinating basidia. x340. (From Sappin- 
Trouffy, 1896.) 


The Coleosporiaceae probably appeared during 
the Tertiary, and their modern character is express¬ 
ed by their wide choice of hosts. The haplont is 
narrowly limited as it grows exclusively on pine 
needles, but the dikaryophytes have chosen very 
different host species of numerous families. 

The Melampsoraceae (figure 426) also probably 
are a retrogressive group which originated, like the 
Coleosporiaceae, in the Tertiary. The aecidia have 
lost their pseudoperidia (the caeoma type). 

The Pucciniaceae include, with their thousands 
of species, most of the rusts living on the earth 
today. The family is of recent geological origin, 
having originated in the Tertiary and developed 
since that time. This family represents our modern rusts. The more interesting 
genera may be recognized from the following key; 



Fig. 423. Teleutospore 
pillar of Cronartiiim ribicola 
J. C. Fisch. on a leaf of Pibes. 
tel teleutospores. b basidia. 
.yp basidiospores. x265. (From 
Colley, 1918.) 


A. Basidia developing from morphological teleutospores. 

B. Basidia formed externally by the teleutospores. 

C. Teleutospores not stalked, single-celled, usually produced in bisporate chains. 

D. Dikaryophase initiated by the aecidia. 

1. Tranzschelia Arth. (figure 427). 
DD. Dikaryophase initiated by the caeomata, 

2. Gymnoconia Lagh. 
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CC. Teleutospores stalked, one-celled or several-celled, produced singly. 

D. Aecidia usually with persistent pseudoperidia. Spermogonia subepidermal. 

E. Teleutospores one-celled. 3. Vromyces Link, (figure 428, I). 

EE. Teleutospores usually two-celled. 

F. Teleutospores free, their stalks not deliquescing at maturity. 

4. Pitccinia Pers. (figure 428, 2). 

FF. Teleutospores imbedded in a gelatinous mass, their stalks deliques¬ 
cing at maturity. 5. Gymnosporangiiim Hedw. fil. 

DD. Aecidia without pseudoperidia, of the caeoma or uredo type. Spermogonia 
subcuticular. 

E. Teleutospores several-celled, the cells arranged in a series. Aecidia of the 
caeoma type. 6. Phragmidium Link, (figure 413). 

EE. Teleutospores consisting of three cells, arranged in a triangle. Aecidia re¬ 
placed by primary uredia. 7. Triphragmium Link, (figure 428, 3). 

BB. Basidia of the Coleosporium type, produced within the teleutospores. 

8. Ochropsora Diet, (figure 429). 

AA. Basidia developing from morphological aecidiospores. 

9. Endophyllum Lev. (figure 416). 



Fig. 424. Development and germination of the teleutospores of Coleosporium setiecio/iis (Pers.) 

Fr. 7-2 young stage, i mature stage. 4-6 germinating teleutospore. /e/teleutospore wall. 6 basidial 
cells. x530. (From Mme Moreau, 1914.) 


Members of the family Pucciniaceae show a wide range in the degree of 

their dependence on specific hosts. Some forms are narrowly restricted, but 

others are able to infect a wide range of host plants. Detailed descriptions of 

these host relationships cannot, be condensed within the limits proscribed for 

the present text. The work of Dietel (1918) should be consulted for additional 
information. 


6. Order Ustilaginales 

The Ustilaginales live parasitically on the higher plants (Sampson, 1939). 
They develop thin-walled resting spores, called smut spores or chlamydospores. 
In the strictest sense, chlamydospores are asexually produced, and since the 
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smut spores of the Ustilaginales are of sexual origin, the term chlamydospore 
IS somewhat misleading. However, plant pathologists refer to them as chla- 
mydospores, and for that reason the term is retained in the present discussion. 
Actually the smut spores are homologous with the teleutospores of the rust 
fungi and it is quite correct to refer to them as teleutospores. 



Fig. 426. Section through a young sub- 
epidermal teleutospore sorus of Melampsora 
HeVwscopiae (Pers.) Cast, growing on Euphorbia 
Helioscopia L. Teleutospores are shown in all 
stages of development. x510. (From Sappin- 
Trouffy, 1896.) 



Fig. 427. Bisporate teleutospore chains 
of Tranzschelia pruni spinosae (Pers.) Diet, 
growing on a leaf of Prunus. x 620. (From 
Fischer, 1904.) 



Fig. 425. Section through a subepidermal teleutospore layer of Coleosportum sonchi (Schum.) 
Lev. with young, mature, and germinating teleutospores, and germinating basidiospores. x400. 
(From Sappin-Trouffy, 1896.) 

The smut spores are produced in large numbers in definite organs, often 
appearing as charred or blackened masses. The European term, brand spores, 
is derived from the charred appearance of these spore masses. 

In contrasts to the rust fungi, the Ustilaginales, or smut fungi, live through 
most of their life cycle as saprophytes. A few species, such as Ustilago tritici 
(Pers.) Jens., the common smut on wheat (Sartoris, 1924; Rodenhiser, 1928); 
Ustilago hordei (Pers.) Kell, and Sw., a common smut on barley (Sartoris, 
1924); Entyloma ranunculi (Bon.) Schroet., and Entyloma calendulae (Oud.) 
de By. (Stempell, 1935), can live through their complete life cycle in artificial 
culture. 

















CLASSIFICATION OF THE USTILAGINALES 


357 


The Ustilaginales are divided into two families on the basis of the character 

of their basidia. The basidia of the Ustilaginaceae (figure 430, 4) correspond 

in principle to those of the Auricularia type, while those of the family Tille- 

tiaceae become modified structures which will be described in a later section 
of the text (figure 436, 1). 




? ^ teleutospore sorus of Vromyces striatus Schroet. growing on Medica^o saliva L 

2 teleutospore sorus of Paccinia graadnis Pers. on a species of Hordeua, 3 teleutospore sorus o^ 

(L.) Max. X300. (From Sapp.n- 


Family 1. Ustilaginaceae 

norlno Classification of the members of the Ustilaginaceae of im- 

discussion is based on the features of the sori in which the 
y ospores are borne. In Ustilago, the spore layer is without sterile hyphae. 
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In Sphacelotheca, the spore layer is covered with a hull of sterile hyphae. In 

Cmtractia, the sorus possesses a central columella and the spores mature centrif- 

ugally from this structure. The chlamydospores are borne singly in all of 

these genera, while in SchizoneUa they are joined in pairs, and in Sorosporium 
they are grouped in balls. 

We may recognize two different developmental rhythms depending on the 
place in the life cycle where the pairing of the nuclei occurs. One is haplo- 
biontic-diplobiontic and one is diplobiontic. 



Fig. 429. Ochropsora sorbi (Oud.) Diet, on Sorbus aucuparia L. I subepidermal teleutospore 
layer. 2~4 internally germinating teleutospores. 1 x265; 2-4x440. (From Soong, 1939.) 


In the haplobiontic-diplobiontic cycle, the vegetative thallus is first haploid 
and then becomes dikaryotic through somatogamous copulation. Later, the 
dikaryotic hyphae produce the smut spores in which karyogamy takes place. 
Ustilago violacea (Pers.) Fckl., a smut growing on the Caryophyllaceae (Har¬ 
per, 1900; Goldschmidt, 1928), exemplifies this type of life cycle. The smut 
spore, in the ideal case, germinates to a four-celled basidium as indicated in 
figure 430, 1-4. Meiosis occurs during this process, and the four basidiospores 
contain two -l- and two — nuclei because this species is bipolar. An anomaly 
now appears which is typical of all species of Ustilaginaceae. The basidial cells 
do not germinate to form basidiospores into which the nuclei normally would 
migrate leaving the basal cell without nuclei. The basidial cells grow vegeta- 
tively and develop uninucleate sprout mycelia as indicated in figure 431, P. The 
basidial nuclei remain in the basidial cells, and only their daughter nuclei mi¬ 
grate into the budding sprout mycelia. The sprout mycelium forms a mold on 
a nutrient solution but produces a light yellow to light rose-colored yeast-like 
colony on a solid substratum. The germinating basidium of those races growing 
on Saponaria produce short mycelial threads. 

If the sprout mycelia of contrasting sexual types come in contact under the 
proper environmental conditions, their cell walls dissolve at the point of con- 
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tact, or they may send out copulation tubes toward each other (figure 432). 

The contents of one cell flows into the other. The resultant dikaryotic cell 

develops to a dikaryotic hypha which infects some species of the Caryophyl- 

laceae. The hypha develops the binucleate parasitic mycelium after its entry 
into the host tissue has been 


accomplished. The chlamydo- 
spores develop later in the 
anthers of the host. Karyo- 
gamy occurs in the chlamydo- 
spores. Typical clamp connec¬ 
tions have been observed on the 
binucleate hyphae within the 
host in many species of smuts, 
but not in Ustilago vio/acea 
(Pers.) Fckl. (Seyfert, 1927). 

The following features of 
this type of life cycle are es¬ 
pecially significant: 

1. The basidia have lost 
their typical structure, in fact, 
true basidiospores are not pro¬ 
duced at all. The basidium 
consists of a germination tube 
which usually is four-celled 
and which continues to grow 
vegetatively. Only the fact that 
meiosis occurs in the basidial 
cell permits us to regard it as 
being homologous with the 
Auricularia type of basidium. 
The basidium frequently is 
called the promycelium be¬ 
cause of its rudimentary char¬ 
acter, and because, as we wilt 
see later, it becomes even fur¬ 
ther suppressed in its morpho¬ 
logical development. 



Fig. 430. 1-4 germination of smut spores of Ustilago 
scabiosae Sow. 5-7 and 8-12 germination of smut spores 
of Ustilago violacea (Pers.) Fckl. 8-9 sprout mycelium. 
10-11 copulation of sprout cells. 12 a sprout cell is co¬ 
pulating with a basidial cell. 1-7, 10-12 x about 1000; 
8-9 xl500. (From Harper, 1900.) 


vegetative thallus of Vstilago violacea 
celinm Taphrinaceae, consists chiefly of a sprout my- 

nnnr. ’ ^ mycelium also has lost its typical structure and is yeast-like in 
appearance. It is almost certain that a group of yeasts known only in their 
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vegetative condition, the so-called Sporobolomyces^ actually are sprouting 
smut fungi. 

3. The haploid sprout mycelium of Ustilago violacea (Pers.) Fckl. normally 
cannot infect the host, as also is the case with Taphrina epiphylla Sadeb. Only 
the dikaryotic mycelium produces infective hyphae. Therefore one nucleus of 
the dikaryon is enough to be specially adapted to survive in the host tissue 



Fig. 431. Germination of smut spores 
of zeae (Beckm.) Ung. x885. (From 

Hanna, 1929.) 



Fig. 432. Copulation between sprout 
cells of Ustilago bromivora (Tul.) F. v. W. 
X about 1400. (From Bauch, 1925.) 


(Goldschmidt, 1928). As in Taphrina 
epiphylla Sadeb. and in the alternating 
host type of rusts, so also in Ustilago 
violacea (Pers.) Fckl., a new nutritional 
physiology appears as the result of di- 
karyotization. The change is toward 
parasitism in this instance. We may 
conclude that once more nuclear pair¬ 
ing in the Basidiomycetes is analogous 
functionally to nuclear fusion in other 
living organisms. 

4. Copulation is somatogamous in 
Ustilago violacea (Pers.) Fckl. and occurs 
between ordinary sprout cells. It would 
be erroneous to regard these cells as 
sporidia, gametes, etc., which have be¬ 
come highly modified by evolutionary 
complications, for they probably are or¬ 
dinary vegetative cells. They copulate, 
like the hyphal cells of other Basidio¬ 
mycetes, among themselves as a final 
stage of deuterogamy. 

5. Copulation itself has been so de¬ 
graded that its very existence, as well 
as its sexual character, sometimes be¬ 
comes doubtful. The tendency toward 
sexuality, along with the diminution of 
its morphological features, also becomes 
less marked. Only when sexually con¬ 
trary types of mycelia come together, 
and then only if such environmental 
conditions as pU, supply of oxygen, 
temperature, etc., are favorable, will 
frequent copulations occur (Bauch, 
1922). 
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Ustilago tragopogonis Schroet., the flower smut of Tragopogon, exhibits a 
life cycle similar to that of Ustilago violacea (Pers.) Fckl. (Kniep, 1926). So also 

does Ustilago longissima (Sow.) Tul., the streak smut o^Glyceria leaves (Bauch, 
1923; Wang, 1934). 

In Ustilago horclei (Pers.) Kell, and Sw., the covered smut of barley, and 
in Ustilago levis (K. and Sw.) Magn., the covered smut of oats (Dickinson, 
1927; Holton, 1932; Wang, 1932), the basidial cell produces uninucleate 
hyphae instead of a sprout mycelium. These hyphae intertwine, if sexually 
different races come together, by a chemotropic response, copulate, and pro¬ 
duce the dikaryotic hyphae. 

The corn smut, Ustilago zeae (Beckm.) Ung., also should be considered as 
another member of the haplobiontic-diplobiontic group, although the life cycle 
of this species is described in several manners in text books (Hanna, 1929; 
Sleumer, 1932; Bauch, 1933; Chilton, 1940; Bowman, 1946). The impulse 
toward copulation of the sprout cells of this species (figure 431) is very slight 
and occurs only under strictly defined conditions. For example, the reaction 
of the culture media must be from pH = 8.0 to 8.3 as it may be in the residues 
of transpiration on the upper surface of the host leaf. The hyphae within the 
host are dikaryotic and they develop clamp connections. 

In addition to the normal life cycle described above, all kinds of anomalies 
occur in the development of the haplobiontic-diplobiontic smut fungi. For 
example, segregation of nuclei sometimes occurs in Ustilago longissima (Sow.) 
Tul. (Bauch, 1923), Ustilago hordei (Pers.) Kell, and Sw., and in Ustilago levis 
(K. and Sw.) Magn. (Dickinson, 1927). The result is that uninucleate sprout 
cells able to copulate may be produced by the dikaryotic hyphae. 

Furthermore, in Ustilago zeae (Beckm.) Ung. a uninucleate sprout mycelium 

sometimes may infect the host and then the entire development is carried out 

apomictically by the uninucleate phase (Christensen, 1929, 1932), just as in 

the uninucleate races of Endophyllum euphorbiae silvaticae (DC.) Wint. and of 
Camarophyllus virgineus Wulf. 


The place of copulation and nuclear pairing is pushed forward to the basi- 

dium in the diplobiontic developmental rhythm, and the vegetative thallus is 
dikaryotic from its very beginning. 


Copulation usually occurs between basidial cells in Ustilago tritici (Pers.) 
Jens., Ustilago nuda (Jens.) Kell, and Sw., and in Ustilago avenae (Pers.) Jens., 
the common smuts on wheat, barley, and oats respectively (Rawitscher, 1912; 
Thren, 1937, 1941; Wang, 1934; Western, 1937). This is accomplished by 
copulation bridges and the process is autogamous to a certain degree (figure 
433, 1-4). The basidial cells, then being binucleate, produce binucleate hyphae 
(figure 433, 6). In case the exceptional production of sprout cells occurs, copu- 
ation takes place between them (figure 433, 5), or between one sprout cell and 
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one basidial cell. The dikaryotic hyphae penetrate the host plant through the 

wilting ear, and smut spores are produced in the flowers of the daughter host 

plants during the following year. Karyogamy occurs during the development 
of the smut spores. 



Fig. 433. Germination of smut spores of Vstilago 
nuda (Jens.) Kell, and Sw. I~4 copulation between basi¬ 
dial cells. 5 copulation between sprout cells. 6 the bi- 
nucleate basidial cell producing the binucleate hyphae. 
xabout 665. {1-5 from Rawitscher, 1912; 6 from 

Wang, 1934.) 



Fig. 434. Germination of smut spores with bi¬ 
nucleate or uninucleate cells of Vstilago longissima (Sow.) 
Tul. xabout 1200. (From Bauch, 1923.) 


The two types of life cy¬ 
cles exhibited by the Ustilagin- 
aceae are reminiscent of the 
somewhat similar cycles in 
the higher Saccharomycetales. 
The haplobiontic-diplobiontic 
Ustilago violacea (Pers.) Fckl. 
corresponds to the Saccharo- 
myces cerevisiae type, and the 
diplobiontic Ustilago tritici 
(Pers.) Jens, corresponds to 
the Saccharomycodes Ludwigii 
Hans. type. 

Both of these developmen¬ 
tal rhythms are narrowly re¬ 
stricted in certain species in 
some cases. For example, in 
Ustilago tragopogonis Schroet. 
and in Ustilago longissima 
(Sow.) Tul., copulation has 
been observed only between 
the sprout cells; and in Ustil- 
ago tritici (Pers.) Jens, and in 
Ustilago nuda (Jens.) Kell, and 
Sw., only basidial copulation 
has been described. However, 
both types of copulation have 
been observed in Ustilago vio¬ 
lacea (Pers.) Fckl., Ustilago 
hordei (Pers.) Kell, and Sw., 
Ustilago levis (K. and Sw.) 
Magn., Ustilago perennans 
Rostr. on the flowers of Ar- 


rhenatherum elatius (L.) M. and K., and in Ustilago bromivora (Tul.) F. v. W. 
on species of Bromus. The two types of developmental rhythms are not irre¬ 
vocably predetermined under all circumstances. 

Along with the variability in their developmental rhythms, the basidia of 
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the Ustilaginaceae also have undergone a profound retrogressive evolution. 
We have seen already that UstHago violacea (Pers.) Fckl., Ustilago scahiosa 
Sow., Ustilago tritici (Pers.) Jens., and Ustilago iiuda (Jens.) Kell, and Sw. pro¬ 
duce basidia which no longer produce basidiospores, but develop either directly 
to vegetative sprout mycelia (figure 430, 9) or copulate autogamously with their 
own cells (figure 433, 1-4). 



Fig. 435. Germination of the smut spores of TUletia tritici (Bjerk.) Wint. 7 a smut spore ch 
has germinated to a promycelium by and is producing sporidia sp. 2 copulation between sporidia, 
s copulation bridge, i binucleate sporidia producing binucleate, crescent-shaped conidia c which 
germinate to a binucleate mycelium. 4 binucleate mycelium bearing crescent-shaped conidia c. 
1-3 xaboutSOO; 4 x240. (From Brefeld, 1883.) 


The structural identity of the basidium is diminished even further in some 
species. In Ustilago bromivora (Tul.) F. v. W. (Bauch, 1925; Fischer, 1937), 
the basidium retains its four cells, but the smut spore can develop several ger¬ 
mination tubes which in no way can be suspected to have originated from the 
Auricularia type of basidium (figure 388, 7). One of these germination tubes 
may be three-celled and one one-celled, or both may be two-celled, or one 

may be two-celled and two one-celled. Meiosis, obviously, already has taken 
place in the smut spores. 

The rudimentary germination tube disappears completely in Ustilago lon- 

gissima (Sow.) Tul. (Bauch, 1923, 1930; Wang, 1934). Meiosis takes place 

in the smut spore, and the spore consequently is multinucleate. In this species, 

karyogamy as well as meiosis occurs in the smut spore. The smut spore then 

develops a short germination tube (figure 434) which cuts off binucleate or 

uninucleate cells one after the other. These cells are of different sexual types 

in this instance, and they both bud to produce uninucleate sprout cells which 
copulate with one another. 
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The basidium of the Phragmobasidiomycetes is eliminated completely and 

its place is taken by the germination tube in Ustilago longissima (Sow.) Tul. 

The basidium is not functional since meiosis occurs in the smut spore, nor is 

it recognizable morphologically as a basidium. It must be regarded as having 

degenerated to an asexual fruiting structure. The degeneration of the basidium 

shows that the smut fungi have retrogressed to a lower level than that of the 
rust fungi. 



Fig. 436. Germination of the smut spores of Tilletia tritici (Bjerk.) Wint. 1-3 stages of meiotic 
division. 4-5 smut spore producing a germination tube or promycelium. 6-8 the promycelium b 
is forming sporidia sp. 9 copulation between sporidia. lO-II the binucleate sporidia producing 
binucleate crescent-shaped conidia. x about 650. (From Wang, 1934, and Yen, 1936.) 


Fa m i 1 y 2. Tilletiaceae 

The following key shows the taxonomic arrangement of the most interesting 
genera of the Tilletiaceae: 

A. Smut spores produced singly. 

B. Smut spores dispersed like dust. L TVY/^/w Tul. (figure 435), 

BB. Smut spores remaining within the host tissue. 2. Entyloma de By. 
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AA. Smut spores clustered in balls. 

B. Spore balls with sterile marginal spores. 

C. Spore balls dispersed freely. 3. Vrocystis Rabh. (figure 439). 

CC. Spore balls remaining within the tissues of the host. 

4. Doassansia Cornu. 

BB. Spore balls without sterile marginal spores, remaining within the tissue of the host. 

5. Tuhuninia Wor. 



Fig. 437. I germination of smut spores of Tilleiia decipiens (Pers.) Wint. in the flowers of 

Agrostis. 2 germination of the smut spores of TiUetia controversa Kuehn in the flowers of Agro- 

pyron. c/z smut spore. 6 promycelium, j/? sporidia. .s copulation bridge, c crescent-shaped conidia. 
x235. (From Brefeld, 1895.) 

The representatives of the family Tilletiaceae which have been studied in 
detail exhibit the diplobiontic developmental rhythm. The nuclei of TiUetia 
tritici (Bjerk.) Wint. (figures 435 and 436), the stinking smut of wheat (Ra- 
wiTSCHER, 1922; Sartoris, 1924; Wang, 1934; Becker, 1936), and of Uro- 
cystis anemones (Pers.) Wint. (figure 438), a leaf smut on many species of Ra- 
nunculaceae (Kniep, 1921), undergo meiosis within the smut spore. These 
spores therefore contain eight or four daughter nuclei at the beginning of their 
germination which migrate into the one-celled, undifferentiated, germination 
tube called the promycelium. The cytoplasm, together with the nuclei, flows 
toward the hyphal tip and becomes separated from the depleted part by a cross 
wall. However, in Urocystis occulta (Wallr.) Rabh. (figure 439), the leaf smut 
o? Secale cereale L. (Stakman, Cassell and Moore, 1934), and in Entyloma 
calendulae (Oud.) de By., the leaf smut of several species of Calendula (Kaiser, 
1936), meiosis takes place in the promycelium. 

Under suitable conditions, the promycelium of TiUetia tritici (Bjerk.) Wint. 
cuts off 8 to 16 uninucleate sporidia (figure 436, 5), while Urocystis normally 
produces only four (figures 438 and 439). A copulation bridge is formed 
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between sporidia of contrary sexual types, and one sporidium becomes binu- 
cleate as the result of the copulation and proceeds to produce a binucleate 
mycelium. The binucleate mycelium then cuts olf usually crescent-shaped, bi¬ 
nucleate conidia in Tilletia, Entyloma, and in other genera (figures 435, 4 and 
437). The conidia infect the host plant. The total life cycle of these fungi is 
carried out by their dikaryophases as karoygamy occurs along the way within 
their smut spores. 



Fig. 438. Germination of smut spores of Urocystis anemones (Pers.) Wint. 1 the diploid 
nucleus has undergone meiosis and has produced four daughter nuclei. 2 the daughter nuclei 
migrate into the sporidia, and copulation has begun j. J a copulation bridge s has been formed. 
4 the binucleate sporidium produces a binucleate hypha. xabout 675. (From Kniep, 1921.) 

As might be expected, there are all sorts of irregularities in the life cycles 
of the diplobiontic Tilletiaceae just as in the Ustilaginaceae. For example, 
certain races of Tilletia tritici (Bjerk.) Wint. (Sartoris, 1924; Boss, 1927), and 
of the onion smut Urocystis cepulae Frost (Blizzard, 1926), and also of Enty- 
loma calendulae (Oud.) de By. (Stempell, 1933) c^rry out their life cycles in 
the uninucleate stage. 

There are two aspects of the development of the Tilletiaceae meriting espe¬ 
cial attention which may be summarized as follows: 

1. The vegetative body often is a true mycelium during the saprophytic stage 
of the life cycle, and not merely a sprout mycelium as in many other of the smut 
fungi. This mycelium produces true conidia which are actively disseminated. 
These features suggest that the Tilletiaceae represent a more primitive group 
than do the Ustilaginaceae. 
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2. The question of the morphological nature of the promycelium and the 
sporidia of the Tilletiaceae cannot be answered on the basis of our present 
knowledge. From the external features alone, the promycelium of Tilletia 
(figure 435, 1) might be regarded as a holobasidium, and in this case the sporidia 
would be equivalent to the basidiospores. This interpretation would compel us 
to regard the Tilletiaceae as Holobasidiomycetes, and not belonging to the 
Ustilaginales at all. Such similarities to the Ustilaginales which they do possess 



Fig. 439. Germination of the smut spores of UrocysHs occulta (Wallr.) Rabh. 1-2 young 

promycelium. 3-4 primordia of the sporidia. 5 copulation between sporidia, the sporidium c has 

become septate, and its uppermost cell has copulated with the sporidium b, the sporidium a is 

ready to copulate with the cell c just below. 6 binucleate sporidium is producing a hypha which 

contains two nuclear pairs which have not been separated yet by a cell wall, x about 800. (From 
Stakman, Cassell and Moore, 1934.) 

would be regarded as extreme examples of convergence. The concept of Linder 
(1940) is particularly enlightening because he regards the promycelium of 
Tilletia to have been derived from the germinating basidium of the Ustilago 
type by the suppression of the cross walls. If this concept be valid, the sporidia 
would represent specialized sprout cells whose daughter nuclei provide for mei- 
osis, and therefore have attained a certain degree of stability. 

We have come now to the end of our discussion of the Basidiomycetes 

Their evolutionary origins (figure 1) and their taxonomic relationships are 
suggested by the following features: 

1. The asexual fruiting structures usually remain at the morphological level 

of simple conidia or oidia, and they attain a specialized development only in 
the uredospores of the rust fungi. 

2. The sexual organs, which already had been lost by the higher Ascomy- 
cetes, remain absent in the Basidiomycetes, but sexuality persists and sexually 
contrary nuclei are brought together by various sorts of organs which are not 
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predetermined especially for this function. Examples of such organs are 
vegetative hyphae, germinating asexual reproductive cells, sprout cells, etc. 
However, there are secondary stabilized relationships established in certain 
terminal evolutionary forms. The haploid conidia represent a certain degree 
of functional stability of sexuality in the rust fungi. Further examples are 
furnished, as in Mycosphaerella, by haploid conidia specialized as sperraatia 

which may be regarded as secondary sexual 
cells. In the smut fungi the basidial cells regu¬ 
larly provide for copulation. 

3. The dikaryotic hyphae of the Basidio- 
mycetes are independent nutritionally, in 
sharp contrast to the ascogenous hyphae of 
the Ascomycetes, and they do not heed to be 
nourished by the haplont thallus. This inde¬ 
pendence makes the dikaryotic vegetative 
body of the Basidiomycetes the functional 
equivalent of the diplont of other living beings. 
Because of this external equality of the haplo- 
phase and dikaryophase, the importance of 
changes in the nuclear condition is lessened. 
Nuclear changes no longer intitiate funda¬ 
mentally new vegetative material, excepting 
of course in the alternating host type of rust 
fungi. The hyphae continue to grow after 
sexuality has occurred just as they did before. 

4. Because of the general lessening of the 
importance of sexuality, in form, place, time, 
and product, the Basidiomycetes follow the 

rather vaguely defined haplobiontic-diplobiontic type of life cycle. Only the 
rust fungi show a secondary stabilization. Only the place of copulation, and 
consequently nuclear fertilization, remains labile; whereas the place of nuclear 
pairing, or dikaryotization, has been fixed secondarily in the aecidial pri- 
mordia. The rust fungi therefore exhibit a true alternation of generations. 

5. Although the dikaryophase in the Basidiomycetes begins at various stages 
in the life cycle because sexuality itself is unstable, the concluding sexual stage, 
namely karyogamy, remains fixed in the basidium. This stability of the place 
of nuclear fusion in the Holobasidiomycetes depends directly on the functional 
relationship of the basidium to the ascus in the life cycle. In the Phragmo- 
basidiomycetes, the basidium always diverges further morphologically from the 
ascus because of its septation. In the Ustilaginales, the basidium loses first the 
ability to produce basidiospores, and then even its basidium-like structure fades 



Fig. 440. The sporidia of Uro- 
cystis occulta (Wallr.) Rabh., which 
are binucleate as the result of copula¬ 
tion, are producing dikaryotic hyphae. 
X about 800. (From Stakman, Cas¬ 
sell and Moore, 1934.) 



GENERAL FEATURES OF THE HASIDIOMYCHTES 


369 


away, and finally it becomes merely a germination tube. The distinguishing 
morphological feature of the Basidiomycetes, namely the basidium, disappear^ 
in this terminal stage in the evolutionary degradation of the group. 

6. The Basidiomycetes diverge in two directions with respect to their mor¬ 
phological development. One group, which includes the Holobasidiomycetcs 
and also the Tremellales and Auriculariales of the Phragmobasidiomycetes, is 
characterized by the progressive evolutionary advance of its fructifications, and 
the other group, which includes the rusts and smuts, is characterized by the 
development of the probasidia. 

7. The fructifications consist exclusively of dikaryotic hyphae, in contrast 
to those of the Asomycetes, because of the physiological independence of the 
dikaryotic phase. The evolutionary level of these fructifications is the highest 
attained by the fungi. As the fructifications are composed of dikaryotic mycelia, 
their primordia no longer are dependent directly on sexual phenomena, but 
develop as the result of purely vegetative stimuli. The highest types of fructifi¬ 
cations of the fungi are of asexual origin in contrast to general biological prin¬ 
ciples, but their asexuality can be understood in the light of the sexual phe¬ 
nomena occurring earlier in the life cycle. 

8. The probasidia develop from terminal hyphal cells which normally would 
form basidia. But instead of this normal development, the cell enlarges and 
becomes the probasidium within which karyogamy takes place. This cell usually 
accumulates cytoplasmic reserves and germinates to a basidium only under 
favorable environmental conditions. Not only does the insertion of the pro- 
basidial stage at this point in the life cycle remove the basidium further morpho¬ 
logically from the ascus, but also its functional significance diminishes until 
only karyogamy, the conclusion of the sexual process, occurs within it. The 
teleutospore is the homologue of the probasidium in the rust fungi, and the 
smut spore is its equivalent in the smuts. Finally, meiosis occurs in the smut 
spore, or probasidium, of some species so that karyogamy and meiosis, which 
originally occurred in the basidium, take place in the probasidium. The func¬ 
tion of the basidium thereby is lost completely, even though its structural 
morphology remains recognizable. The basidium, in this stage of retrogression, 
has sunk to the level of an asexual fruiting organ, the very level from which 
its ancestor, the ascus, began its upward evolution. 
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Appendix 

The Fungi imperfecti 

The natural system of fungi is founded on the characteristics of the life 
histories and sexual fructifications of the individual species. Many fungi are 
known only by their asexual fruiting bodies and are grouped loosely together 
as “conidial forms”, irrespective of whether they actually have lost sexuality 
or whether sexual stages may exist but have not been observed. Sexuality may 
not occur because one sexually contrary race of a heterothallic type is lacking, 
or because the individuals may represent functionless male races. 

The close relationship between the incomplete type of life cycle and reduced 
sexuality illustrates the dual phenomenon which may be described briefly as 
follows: In certain fungi imperfecti there are two bipolar races whose hyphae 
anastomose or copulate, thereby producing new thallic material. This thallic 
material is not intermediate in form between that of the two parents and there¬ 
fore does not represent merely a heterokaryotic summation of the parents. 
For example, Hansen and Smith (1935) permitted sexually contrary single¬ 
spore cultures of Botryiis allii Munn., a form with a smoky-gray mycelium and 
ellipsoid conidia, to anastomose with single spore cultures of Botrytis ricini 
Godfr. which has a yellowish brown mycelium and spherical conidia. About 
three-fourths of the newly formed conidia resembled those of one of the parents, 
but about one-fourth were morphologically intermediate between the types of 
the parents, or were completely new in form. These new types of conidia differed 
so greatly from those of either parent that an unprejudiced observer would have 
described them as representing new species. 

Since the fungi which have incomplete life cycles, and those which have 
cycles incompletely known must be given names for practical reasons, the purely 
artificial group of fungi imperfecti has been created. The “genera” and “families” 
do not represent natural groups or relationships, but only serve to group to¬ 
gether forms which are similar in their morphological appearance. They are 
“form-genera” in which similar, but often unrelated, species are grouped so 
that they may be taxonomically designated by those who wish to study them. 
For example, all forms which produce crescent-shaped conidia of the general 
type represented in figure 201 are grouped together in the arbitrary genus 
Fusarium. Forms whose hyphae fragment (figure 312) are grouped together in 
the genus Oidium, irrespective of the natural family or genus which their sexually 
fruiting stage may indicate. 
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The earliest system for classifying the fungi imperfecti was presented by 
Saccardo in his monumental work, Sylloge Fungorum. This author recognized 
the three following groups: 

1. Hyphomycetes, which produce their conidiophores singly on the myce¬ 
lium (figure 107), or in coremia in the higher types. 

2. Melanconiales, which produce their conidiophores in stromatic layers or 
acervuli (figure 263). 

3. Sphaeropsidales, which produce their conidiophores in pycnidia (figure 
164) or within cavities. 

This classification is only a makeshift and is very inadequate. For example, 
Pestalotia versicolor Speg. produces only single conidiophores in nutrient solu¬ 
tions and must be grouped with the Hyphomycetes when in this stage. But 
under more favorable nutritional conditions, the thallus expands and develops 
stromatic layers, in which case the species should be classed with the Melan¬ 
coniales; or the conidiophores may be produced in pycnidia-like receptacles, 
and then it must be considered to be a member of the Sphaeropsidales. 

The subdivisions of the three major groups are based on the structure and 
color of the mycelia, spore layers, and pycnidia, and on the septation of the 
conidia. Ideally, the fungi imperfecti should be discarded as a group, and its 
members classified according to the natural system. 
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137, 153 

— serratus Eid. 118, 119, 120 
Ctenomyces-Typc 153 
Cucurbitaria ehngata (Fr.) Grev. 169 
Cudonia 240, 241 

— confusa Bres. 241 

— lutea (Pk.) Sacc. 241 
Cunninghamella 81 

— echinulata (Matr.) Thaxt. 81 

— elegans Lendn. 81 
Cyathus 303, 304 

— stercoreus (Schw.) de T. 396 

— striatus (Wilid.) Pers. 296, 305 
Cylindrosporium 231 
Cymadothea 169 

— trifolii (Pers.) Wolf 168, 168 
Cyphella 284 

— albo-carnea Quel. 284 

— sulphurea Fr. 284 
Cystidium 283 
Cystosorus 23, 25, 25 
Cytospora 199 
Cyttaria 233 
Cyttariaceae 233, 241 

D 

Dacryomyces 259 

— deliquescens Bull. 259 
Dactylis glomerata L, 202 
Daedalea 287 
Dangeardia 32, 35, 42 
Danthonia 203 
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Dasyscypha 236 
Dehiscing layer 234 
Delphinium 143 
Dematium pullulans 156 
Dendrophyses 283 
Dendrosphaera 131, 137 

— Eherhardti Pat. 132 
Dermateaceae 228, 229, 230, 233 
Dermatella Frangidae (Fr.) Tui. 232 
Dermatomycetes 117, 149, 162, 247 
Deuterogamy 60, 213, 360 
Diaphoromyces marginatus Thaxt. 254 
Diaporthales 93, 175, 198, 199, 207 
Diaporthe 198 

— perniciosa March. 198 
Diatrypaceae 175, 192, 198 
Diatrype disciformis (Hoffm.) Fr. 192, 

193 

Dichomyces biformis Thaxt. 252 
Dictyophora 315 

— indusiata (Pers.) Fisch. 317 
Dictyuchus 58 

— monosporus Leitg. 58 
Didymella 156 

— lycopersici Kleb. 161 
Dikaryon 110 

Dikaryophase 11, 111 , 111 , 112, 140, 255 
Dikaryotization 182, 207, 212 
Dioecious 83 

Diospyros macrophylla Bl. 124 
Diplany 57 

Diplobiontic type 103, 106, 114 
Diplocarpon 230 

— Earliana (E. and E.) Wolf 231, 233 

— Soraueri (Kleb.) Nannf. 230 
Dipiostromatic mycelium 192 
Dipodascaceae 94, 95, 95, 97, 98, 107 
Dipodascus 96, 97, 118, 121 

— albidus Lagh. 95, 96 

— uninucleatus Biggs 97, 98, 98 
Discomycetes 93, 207, 218, 227, 228, 230, 

236, 240, 241, 243, 255, 256, 278, 294 
Discus 192 

Disjunctor cell 333, 334 
Doassansia 365 

Dothideaceae 155, 155, 167, 168 
Dothioraceae 154, 155, 155, 156, 167 
Double clamp formation 270 

— fertilization 211 


Drepanopeziza 230 
— ribis (Kleb.) v. H. 229 
Drimys 163 

Dual phenomenon 370 

E 

Earth 208 

Earth star fungi 308 
Ectoplacodial Tissue 192 
Ectostroma 192, 193 
Ectrogella 31 
Egg cell 53, 55, 60, 66 
Ejaculation 

— simultaneous 185 

— successive 161 
Elaphomyces 134, 206 

— cervinus (Pers.) Schroet. 134, 134 

— cyanosporus Tul. 134 
Elaphomycetaceae 117, 117, 131, 133, 134, 

150 

Elm 169, 199 
Elsinoe 151 
Empusa 89 

— muscae Cohn 89, 91 

— radicans Bref. 90 
Enarthromyces indicus Thaxt. 252 
Endobiotic habit 13, 32 
Endochytrium 42 

— operculatum (de Wild.) Karl. 43 
Endoconidium 122, 176 
Endogenous type 53 
Endogonaceae 74, 74, 86, 89, 241 
Endogone 86, 94, 96, 132 

— lactifiua Berk. 87, 87, 88 

— sphagnophUa Atk. 86 
Endomyces 95, 103 

— Magnusii Ludw. 99, 100, 103 
Endomycetaceae 94, 95, 98, 99, 101, 102, 

103, no 

Endomycetales 92, 94, 95, 115, 117, 120, 
126, 253, 255 

Endomycopsis 95, 100, 103 

— capsularis (Schion.) Dekk, 101,102, 119, 
128 

— fibuliger (Lindn.) Dekk. 99, 100, 102 
—javanensis (Klock.) Dekk. 101 

— selenosporus(d^ 2 i^%. and Krass.) Dekk. 99 
Endoperidium 300 

Endophyllum 350, 355 
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Emiophyllum euphorbiae silvaticae (DC.) 
Wint. 348, 349, 349, 351, 361 

— sempervivi (A. and S.) de By. 347, 348, 
349 

Endospore 115, 256 
Endostigme 156, 157, 159, 160, 165 

— hmequalis (Cke.) Syd. 157, 158, 159, 

160 

Endothia 198, 199 

— parasitica (Murr.) And. 198, 199, 200 
Endo-XypQ 347 

Entoloma 289 

Entomopeziza Soraueri Kleb. 230 
Entomophthora 89 

— echinospora Thaxt. 90, 90 

— fumosa Speare 88, 90, 91 

— sphaerosperma Fres, 90 
Entomophthoraceae 73, 74, 74, 89, 90, 91, 

97, 247, 333 

Entomosporium macidatum Lev, 230 
Entophlyctis 32, 35, 42 

— confervae ghmeratae (Cienk.) Sparr. 34 
Entoplacodial tissue 192 

Entostroma 192 
Entyloma 364, 366 

— calendtdae (Oud.) de By. 356, 365, 366 

— ranunculi (Bon.) Schroet. 356 
Eocronartium 320, 321 

— muscicola (Fr.) Fitzpatr. 321 
Epibiotic habit 32 

Epichloe 200, 201, 202, 203, 237 

— typhina (Pers.) Tul. 202 
Epigaeous series 221, 222 
Epigynous types 48, 53, 279 
Epilobium 346 

— angustifolium L. 352 
Epiphragma 303 
Epiplasm 96 
Epispore 96 
Epithecium 152, 243 
Epithele 283 

— typhae (Pers.) Pat. 282 
Eremascus 95 

— fertilis Stopp. 98, 99, 99, 100 
Eremothecium Ashbyi Guill. 108 
Ergot 203 

Ericaceae 236 

Erysiphaceae 141, 142, 143, 147, 148, 149, 
162 


Erysiphe 147, 247 

— cichoracearum DC. 144, 148 

— graminis DC. 142, 144, 145, 147, 154 

— larnprocarpa (Wallr.) Duby 144 

— Martii Lev. 143, 146 

— m7/V/rt (Wallr.) Rabh. 143, 144, 154 
Erythronium dens canis L. 334 
Euascomycetes 92, 93, 94, 116, 154, 275 
Eucarpy 39 

Euglena 36, 36, 37 
Eumycetes 9 
Euphorbia 346 

— amygdaloides L. 349 

— cyparissias L. 346 

— Helioscopia L. 356 

— Seguieriana Neck. 347 
Eu-Puccinia 328 
Eurychasina 31 
Eusclerotinia 237 
Eutuber 245 

£'M-type 328 
Eu~Uromyces 343 
Excipulum 219 
Excreta 208 
Exidia 318 

— glandidosa (Bull.) Fr. 318 
Exoascales 110 

Exobasidiaceae 75, 278, 278, 280 
Exobasidium 280 

— vaccinii Wor. 279 
Exogenous type 53 
Exoperidium 300 

F 

Fabraea ranunculi (Fr.) Karst. 233 
Facultative parasites 63 
Fagales 110 
Favolus 287 

Fern 110, 320, 325, 326, 353 

— prothallia 89 

— rust 331, 336, 337, 338 
Ficaria 346 

Ficus Carica 166 

Filipendula Vlmaria (L.) Max. 357 
Fish 55 

— eggs 55 
Fistulina 284 
Flagellatae 13, 31 
Flagellates 9 
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Flagellum 
■ ciliated 27 
-- vvhip-Iike 27 
Floridaceae 103 
Flower smut 361 
Fly 

— house 249 
Fames 287 

— applanatus (Pers.) Gillet 278, 288 

— fomentarius (L.) Fr. 276 

— igniatius (L.) Gillet 278 
Foot 131, 247, 300 

Foot cell 142 
Form-genera 370 
Fossil fungi 326 
Fraxinus 322 
Frogs 89 

Fructification 85, 120, 140 
Fruiting body 85, 120, 140 
Fungi 9 

Fimg/ imperfecti 75, 118, 141, 151, 370 
Fungus flowers 274, 315 
Funiculus 303 
Fusanum 189, 231, 370 

— heterosporum Nees. 190 
FusU'ladium 156 


Galactinia 221, 222 

— succosa (Berk.) Sacc. 220 
Galium cruciata (L.) Scop. 342 
Galls 280 

Gametangium 59, 85 
Gametangy 60, 209 

Ganoderma Alluaudii Pat. and Har. 256 
Gas ter el la 297 

Gastromycetes 54, 134, 246, 260, 276, 279, 
295, 296, 296, 297, 298, 309, 315, 322 
Gautieria 306 
Geaster 309 

— fenestratus Pers. 311 
Geastraceae 297, 298, 307, 308, 310 
Gelasinospora 214 

— tetrasperma Dowding 184 
Gemmae 56, 75, 190, 190 
Genabea 246 

— fragilis Tul. 247 
Genea 242, 243, 246 

— brachytheca Gilk. 243 


Genea Thwaitesii (B. and Br.) Fetch. 222 

Generative hyphae 173, 241 

Geoglossaceae 228, 229, 239, 240 

Geoglossum 240, 285 

— glutinosum Pers. 240 

Geographical races 266 

Geopyxis Catinus (Holmsk.) Sacc. 220 

Geranium Robertianum L. 171 

Germination tube 60 

Gibberella 188 

Gill-fungi 279, 289 

Gleba 131, 296 

Glebal chambers 299 

Gloeocystidium 283 

Gloeosporium ribis (Lib.) Mont, and Desm. 
229 

— venetum Sacc. 151 
Glomerella 160 
Glumiflorae 202 
Glyceria 361 

Gnomonia leptostyla (Fr.) Ces. and de Not. 
198 

— ulmea (Schw.) Thuem. 199 
Gonapodya 12 
Gonoplasm 66 

Graphium 135, 135 
Grasses 202, 203, 336, 338 

— rust 336 

Gymnoascaceae 116, 117, 117, 118, 119, 
120, 121, 124, 125, 128, 131, 141, 143, 
149, 150, 162, 171, 176, 209, 218, 227, 
229. 230 

Gymnoascus 119, 120 

— aureus Eid. 118 

— Reessii Bar. 119 
Gymnocarpy 135, 217, 218, 239 
Gymnoconia 354 

— interstitialis (Schlecht.) Lagh. 350 
Gymnosperm 59 

Gymnosporangium 326, 334, 343, 344, 355 

— nootkatense (Trek) Arth. 343 
Gyrinus 250 

Gyromitra 225 

— esculenta Fr. 226 

H 

Hair 117, 118 
Hamaspora 326 

Haplobiontic phase 103, 105, 275 
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Haplo-diplobiontic phase 103, 105, 112, 
275 

Haplosporangium 82, 83 

Harper type of nuclear behavior 211 

Hauslorium 141 

Hazel-nut 109 

Helianthiis annuus L. 144 

Helicobasidium 320, 320 

— compactum Boed. 321 
Helicogloea 320, 324 

— LMgerheimii Pat. 326, 327 
Helotiaceae 228, 229, 236, 237, 239 
Helotiales 93, 115, 207, 218, 227, 228, 228, 

229, 230, 241, 253 
Helotiiim 237 

Hehella crispa Fr. 223, 238, 258 

— elastica Bull. 223, 224, 225 

— infula (Schaeff.) Rehm 225 
Helvellaceae 208, 223, 225, 228, 240, 272 
Hemiangiocarpy 219 

Hemiascus 97 

Hemisphaeriaceae 247 

Hemisphaeriales 93, 155, 170, 171, 173, 174 

HerpohasUiium 320 

Herpotrichia 157 

Heterobasidium 258 

Heteroecious 336 

Heterokaryosis 182, 223 

Heterothallic 83 

Higginsia 230 

— hiemalis (Higg.) Nannf. 230, 231 
Hilum 111 

Hirneola 322 

Holobasidiomycetes 259, 260, 261,262, 263, 
265, 266, 268, 269, 271, 272, 273, 273, 
274, 275, 276, 277, 295, 316, 321, 367, 
368, 369 

Holobasidium 258, 259 
Holocarpy 13 
Homobasidium 258, 367 
Homothallic mycelium 83 
Hoofs 131 

Hook formation 121, 216, 270, 271 
Hordeum 357 
Hormotheca 173 

— Robertiani (Fr.) v. H. 171, 172 
Humaria aggregata (B. and Br.) Sacc. 209 

— granulata Quel. 212, 219 

— rut dans (Fr.) Sacc. 214, 268 


Hunnilus 143 
Hyalopsora 326, 328, 353 
Hydnaceae 278, 278, 285, 319 
Hvdnocvstis 222, 243 

— call for nica Gilk. 224 

— Thwaitesii B. and Br. 222 
Hydnotrya 242, 243 
Hydniuu 263, 285 

— erinaceus Bull. 286 

— repandum L. 286 
Hydrocomhus 248 
Hygrophorus 271, 289 
Hymenium 219, 277 
Hvmenochaete 284 
Hynienogaster decants Tul. 256 
Hymenogastraceae 307 
Hymenomycetes 54, 260, 276, 277, 278, 278, 

279, 294, 295, 296, 316, 317, 318, 320, 
332, 335, 339, 340, 342, 349 
Hymenophore 219, 278 
Hyphae 

— ascogenous 98, 140 

— fertilization 178, 179, 180, 181, 330 

— generative 173, 241 
- initial 145 

Hyphochytriaceae 31 
Hypholoma 263, 290 

— sublateritium (Schaeff.) Quel. 278 
Hyphomycetes 371 
Hyphopodium 162 
Hypobasidium 282 

Hypochniis 282 
Hypocrea 197 

—- alutacea (Pers.) Tul. 188, 189 

— delicatula Tul. 187, 188 

— rufa (Pers.) Tul. 188, 188 
Hypocreaceae 175, 185, 188, 193, 194, 201, 

201, 207, 233 
Hypocreales 185 
Hypocrella 201, 201, 202 

— Gaertneriana Moell. 201 
Hypoderma let hale Dearn. 233 
Hypodermataceae 228, 229, 233, 234, 235 
Hypogaeous types 221, 222 
Hypogynous types 49, 53 
Hypomyces 186, 187, 188, 190, 194, 201 

— ipomoeae (Hals.) Wr. 187 

— rosellus (Alb. and Schw.) Tul. 190 
Hypothecium 219 
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Hypoxyloii 196 

— coccineum Bull. 196, 197 
Hysterangiaceae 297, 303, 305, 306, 307 
Hysterangium 305, 307 

— neglectum Mass, and Rodw. 307 

— stoloniferum Tul. 305, 306 
Hysterographium 155 
Hysterothecium 234 

I 

Illegitimate copulation 265 
Indusium 240, 315 
Inferae 242, 243, 245, 246 
Inky-cap fungus 294 
Inner rind 223 
Inocybe 290 

Inoperculatae 31, 31, 32 
Insects 89, 107, 154, 247, 248, 314, 322, 
329 

lola 320, 322, 324 

— javensis Pat. 324 
Ipomoea 69 

Iris 238 

Ithyphailus 314 

J 

Jelly 

— fungi 317 

— tramal 307 

— volva 307 

Judas ear fungus 322 
Juniperaceae 343 

K 

Kalchbrennera 313 

— corallocephala (W. and C.) Kalchb. 314 
Karyogamy II, 112 

Koeleria 346 

Kordyana polliae Gm. 279, 280 
KiinkeUa nitens (Schw.) Arth. 350 
Kusanoopsis 151 

— guianensis Stev. and Weed. 151 

L 

Laboulbenia chaetophora Thaxt. 250, 251 

— gyrinidarum Thaxt. 250, 251 
Laboulbeniaceae 248, 249, 252, 253 
Laboulbeniales 93, 94, 247, 249, 253 


Lachnea cretea Phil. 213 

— hemisphaerica (Wigg.) GiJi. 207, 208 

— melaloma Alb. and Schw. 212 

— scutellata (L.) Gill. 214 
Lactariopsis 289 
Lactarius 289 
Lacunose type 296, 298 
Lanomyces tjibodensis Gaum. 149, 150 
Lasiobotrys 170 

— lonicerae Kze. 169, 170, 170 
Leaf-curl 112 

Leaf-fail disease of conifers 234 
Lenzites 287 
Leotia 240 

— lubrica (Scop.) Pers. 240, 240 
Lepiota 290 

Lepto-Ioxm 345 
Leptolegnia 56, 60, 61, 73 
Leptomitaceae 55, 55, 71, 72 
Leptomitus 72, 73 

— lacteus (Roth.) Ag. 71, 71 
Leptosphaeria 154, 160, 166 

— acuta (M. and N.) Wint. 161 
Leptostroma 236 
Leucogaster 298, 299 
Leucostoma 198, 199 
Leveillula 143, 147 

— taurica (Lev.) Arn. 141, 143 
Life cycle 

— brachy-iypc 342 

— complete 328, 339 

— endo-iyx>c 347 

— ew-type 328 

— macrocyclic 328 

— fnicro-Xypc 344 

— modifications in rust fungi~341 

— opsis-VypQ 343 
Limacinia 156 
Liriodendron 165 
Lizards 89 
Locule 141 
Lonicera 170 

Lophodermium 234, 234, 235 

— berberidis (Schleich.) Rehm 234 

— hysterioides (Pers.) Sacc. 235 

— maculate (Fr.) de Not, 235 

— nitens Dark. 233 

— pinastri (Schrad.) Chev. 236 

— tumidum Rehm 235 
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Lycoperdaceae 297, 307, 308, 309 
Lycoperdon 309 

— gfmniatum Batsch 309 

— perlaium Pers. 309, 310 

M 

Magnusia 122, 129 

— nitida Sacc. 125, 128 
Maize 40 

Malva rust 344 
Man 117 
Manchette 293 
Massaria 156 
Medicago 41 

— sativa L. 357 
Megachytriaceae 31, 42, 43 
Melampsora Helioscopiae (Pers.) Cast. 356 
Melampsoraceae 350, 352, 354 
Melampsorella 353 

Melarnpsoridium 353 
Melampyrum 143 
Melanconiales 371 
Melanogaster 298, 299 

— variegatus (Vitt.) Tul. 298 
Melanogastraceae 297, 298, 299 
Melanomma 160 

— Pidvis pyriits (Pers.) FckI, 159 
Melanospora 176 

— globosa Berlese 176 

— Mangini Vincens 184 
—• marchica Lind. 176 

— zamiae Cda. 184 
Melilotus 143, 146 
Meliola 162 

— circinans Earle 162 

— corallina Mont. 163 

— guianensis Stev. and Dow. 162 
Meliolaceae 155, 155, 161, 162, 173, 247 
Menyanthes 40 

Meridius 287 

— domesticus Falck 270, 272, 287 
Mesophellia 134, 150 

— castanea Lloyd 134 
Mesozoic Era 341 
Metulae 122 
Microascus 135, 137 

— cirrhosus Curzi 136 

— lunasporus Jones 136 

— trigonosporus Em, and D. 135, 136, 136 


Microeurotium albidum Ghatak 146 
Microglossiim lutescens Boud. 228 
Micromyces 21 

— zygogonii Dang. 21 
Microsphaera 147 

— alphitoides Griff, and Maubl. 144, 146 
Microthyriaceae 171, 173 
Microthyrium microscopicum Desm. 173 
Milesia 326, 353 

— polypodophila (Bell.) Faull 335 

— vogesiaca (Syd.) Faull 351 
Mites 

— chicken 247 
Mitnda 240 

— ahietis Fr. 239, 240 

— phalloides (Bull.) Chev. 240 

— pusilla Fr. 239 

Afollisia pastinacae Nannf. 232 
Monascus 122, 129 

— Barkeri Dang. 125 -- 

— purpureus Went 125, 125 
■— ruber v. T. 125 
Monilia 179, 180, 236, 237 
Monoblepharella 51, 53 
Monoblepharidales 29, 30, 51, 53, 55, 72 
Monoblepharis 51, 56 

— fasciculata Thaxt. 53, 53 

— macrandra (Lagh.) Wor. 51, 53, 54 

— polynwrpha Cornu 52, 52, 53, 53 

— regignens Lagh. 30 

— sphaerica Cornu 53 
Monoecious 83 

Morcheila 224, 227, 273, 273, 274 

— conica Pers. 223, 224, 268 

— elata Fr. 223, 224, 238, 268 

— esculenta (L.) Pers. 223, 227 
Morel 226 

Mortierella 82, 83, 85, 86, 120 

— strangulata v. T. 84 
Mortierellaceae 82 
Mortierelleae 74 
Moss 321, 322 

Mucor 75, 77, 78, 80, 81, 82, 85 

— Mucedo (L.) Fres. 76, 84, 85 
Mucoraceae 74, 74, 75, 75, 76, 77, 78, 

79, 80, 81, 82, 83, 85, 86, 88, 89, 91, 
108 

Mucoreae 74 

Multipileate type 297, 298, 310 
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Mycelium bipolar 328 
diplostromatic 192 

— heterothallic 328 

— homothallic 83, 264 

— primary 261 

— resting 117 

— secondary 270 
Mycena 274 
Mycocitrus 233 

— aurantium Moell. 188, 189 
Mycogone 190 
Mycomahis 201, 201, 233 

— bamhusinus Moell. 201, 201 
Mycorrhiza 133 

Mycosphaerella 163, 165, 169, 177, 211, 368 

— herheridis (Auersw.) Lind. 167 

— Berkeleyi Jenk. 165 

— Bolleana (Thuem.) Speg. 164, 166 

— cerasella Aderh. 166 

— cercidicola E. and K. 163 
~~ fragariae (Tul.) Lind, 163 

~ fraxinicola (Schw.) House 164 

— hippocastani (Jaap) Kleb. 165 

— personata Higg. 163 

— sentina (Fckl.) Schroet. 164 

— tidipiferae (Schw.) Higg. 165, 166 

Mycosphaerellaceae 155, 155, 162, 166, 167 
168 

Myriangiales 92, 149, 150, 151, 153, 154, 
155, 155, 170, 174, 227 

Myriangium 140, 152, 154, 169, 199, 253 

— bambusae Rick. 154 

~ Curtisii Mont, and Berk. 154 

— Duriaei Mont, and Berk. 152, 152, 153 
Myrmecocystis 246 

Myxochhris 26 

— sphagnicola Pasch. 26 
Myxochrysis 22 
Myxomycetes 9, 14, 22, 26 

N 

Nabalus 342 
Nadsonia 104, 104 
Nectar 329 

Nectria 186, 187, 188, 190, 194, 201, 230 

— cinnaharina Tode 186 

— flava Bon. 187 
Nematospora coryli Pegl. 109, 109 

— gossypii Ashby and Now. 110 


Nematospora phaseoli Wingard 109 
Neurospora 166, 182, 185, 190, 212, 264 
331, 332 

— sitophila (Mont.) Shear and Dodge 178, 

180,181,181,183,212 

— tetrasperma Shear and Dodge 182, 183, 
184 

Nidularia 303 

— farcta (Pers.) Fr. 296 
Nidulariaceae 297, 298, 299, 302 
Nitrogen 272 

Nothofagus 233 

Nowakowskiella elegans (Now.) Schroet. 30, 
43, 44 

Nummular ia 196 

O 

Oak 106 

Oat smut 361 

Ochropsora 355 

~ sorbi (Oud.) Diet. 358 

Octomyxa 23, 25 

Odontia 285 

Oenothera 20 

Oidiophore 262 

Oidiopsis 141, 143, 143 

Oidium 95, 141, 142, 142, 262, 370 

Olpidiaceae 13, 14, 22 

Olpidiopsidaceae 13, 26, 28, 57 

Olpidiopsis 28, 35 

— achlyae McLarty 27, 27 

— saprolegniae Barr. 28, 30 
Olpidium 14, 15, 16, 25, 71. 86, 88 

— brassicae (Wor.) Dang. 15 

— radicale Schwartz and Cook 16 

— viciae Kus. 14, 15 
Onion smut 366 
Onygena 132 

— equina Willd. 131 
Onygenaceae 117, 117, 131, 134 
Oogonium 53 

Oomyces 200, 201, 201, 277 
Oomycetales 54 

Oomycetes 30, 54, 55, 55. 71, 72, 73, 74. 79, 

82, 83. 86. 88, 96, 280 
Oosphere 53 
Operculatae 31, 31, 41 
Operculum 207, 208 
Ophiobolus 157 
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Ophiobolus graminis Sacc. 160 
Ophiodotis 201, 202, 203 

— Henningsiana Moell. 202, 203 
Ophiostotua 116, 135, 137, 140, 146, 154, 253 

— adiposum (Bull.) Nannf. 139 

— fimbriatum (E. and H.) Nannf. 138, 139, 
139 

— monUiforme (Hedge.) Syd. 137, 138 

— montium Rumb. 140 
Ophiostomataceae 117 117, 131, 135, 140, 

175 

OpHsmenus hirteUus (L.) Beauv. 39 

Opurifia 151 

Ostiole 135 

Outer rind 223 

Ovulariopsis 141, 142, 143 

P 

Pachyphloeus 242 

— liiteus (Hesse) Fisch. 244 
Paedogamy 104 
Panaeolus 290 

— subbalteatus Berk. 268 
Papilionaceae 346 
Parasites 

— facultative 63 
Parodiopsis 162 
Parthenogamy 207, 212 
Pastinaca sativa L. 232 

Paxina leucomelas (Pers.) Ktze. 220 
Peach 112, 239 

PetiicilliopsLs 123, 124, 127, 131, 150 

— clavariaefonnis Solms 124, 126, 129 
Pemcillium 117,122, 122, 123, 125, 204, 209 

— Brefeldianum Dodge 126, 128, 129, 144 

— chrysogenum Thom. 121 

— egyptiaciim v. B. 126, 128, 129 

— glaucum Lk. 127, 130 

— luteum Zuk. 128 

— notatum Westl. 121 

— stipitatum Thom, 127, 128, 128, 129 

— vermicidatum Dang. 125, 126, 128, 129 

— Wortmanni Kloeck. 128 
Peniophora 263, 282 

— chaetophora v. H. and L. 282 

— livida (Fr.) Burt. 281 

— ludoviciana Burt. 275 
Pericystis 116 

— apis Maass. 115, 115 


Peridiole 299, 302 
Peridium 87, 145, 296 

— hymenial 306 

— tramal 307 
Periplasm 96 
Perisporiaceae 141, 149 

Perisporiales 92, 140, 141, 154, 156, 162, 
174, 175, 227 

Perisporiion funiculatum Preuss. 150 
Perithecium 93 

— appendages 147 

Peronospora 63, 64, 65, 67, 79, 82, 280 

— ranunculi Gaum. 66 
Peronosporaceae 54, 55, 61, 63, 64, 66, 67, 

69, 71, 72, 73, 75, 83, 88, 96, 97, 141 
Pesfalotia versicolor Speg. 371 
Petchiomyces 222, 242, 242 

— Thwaitesii (B. and Br.) Fisch and Matt. 
222, 223 

Petrieila Lindforsii Curzi 135 
Peyritschiellaceae 248, 252 
Peziza 220 

— Catinus Holmsk. 149, 220, 220 

— silvestris (Boud.) Seav. 221 

— tectoria Cke. 220 

— vesiculosa Bull. 220, 268 

Pezizaceae 208, 220, 221, 223 228, 242, 246, 
272 284 

Pezizales 32, 93, 207, 218, 227, 228, 241, 
246, 316 
Phacidiales 228 
Phacidium 228 

Phallaceae 297, 298, 307, 309, 310, 313, 
314 

Phallogaster 307, 310, 311 

— saccatus Morg. 308 
Phallus 314 

— impudicus (L.) Pers. 314, 315 

— tenuis (Fisch.) O.K. 315 
Phialides 122 
Phleogena 320, 322 

— faginea (Fr.) Lk. 323, 324 
Phoi iota 263, 290 

— aurivella Batsch. 272, 272 
Phragmidium 326, 337, 355 

— disciflorum (Tode) James 341 

— mucronatum (Pers.) Schlecht. 341 

— rubi (Pers.) Wint. 334, 340 

— speciosum (Fr.) Cke. 331 
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Phragmobasidiomycetes 259, 260, 111, 281, 
316, 317, 326, 364, 368, 369 
Phragmobasidium 258, 259 
Phycomyces 77, 85, 86 

— nitens (Ktze.) v. T. and Le M. 84 
Phycomycetes 11, 29, 30, 30, 55, 71, 84, 85, 

96, 107, 131, 139, 215 
Phyllachora 191 
PhyUactinia 141, 143, 147, 148 

— sujfulta (Reb.) Sacc. 142, 144, 145, 146, 
147, 148 

Physoderma 40, 41, 45 

— menyanthis de By. 40, 40 

— zeae Maydis Shaw 40 
Phyteuma 346 

Phytophthora 30, 62, 63, 64, 65, 67, 69, 
70 

— cactorum (Leb. and Cohn) Schroet. 63 

— erythroseptica Peth. 67, 69, 71 

— infestans (Mont.) de By. 63, 67 

— phaseoli Thaxt. 67 
Picea 345, 346, 353 
Piersonia 246 
Pilacre 322 

Pileus 225, 227 
Piloboliis 16, 77, 78 

— crystatlinus (Wigg.) Tode 75, 76 
Pinanga Kiddii Bl. 280 

Pine 336 
Pinus 353 

— contorta Dougl. 341 

— ponderosa Dougl. 341 

— radiata Don 341 

— rigida Mill. 233 

— Strobus L. 233 
Pionnotes 190 

Piptocephalis 79, 80, 82, 256 
Pirus 343 

Pisolithus 299, 302 
PistiUaria 285 
Placodium 192 

Placosphaeria onobrychidis (DC.) Sacc. 233 
Plant ago 144 
Plant lice 152 
Plasmodiophora 23, 25 

— brassicae Wor. 23, 23, 24, 24, 25, 26 
Plasmodiophoraceae 13, 22, 24, 25, 26 
Plasmodium 22, 23, 24, 24, 25, 26, 27, 28 
Plasmogamy II, 110, III 


Plasmopara 64, 65, 69 

— \iticola (B. and C.) Berl. and de T. 65, 
66, 67 

Platygloea 320, 321 

— nigricans Schroet. 321 

Plectascales 92, 94, 95, 98, 112, 116, 117, 

140, 141, 144, 145, 146, 147, 149, 150. 

154, 155, 174, 175, 209, 216, 218, 220, 

227, 228, 241, 246, 247, 253, 254, 255, 

259, 272, 295 
Plectobasidiales 295 
Plectodiscella 151, 154, 155, 170 

— piri Wor. 152 

— veneta Burkh. 151 
Pleomorphism 156 
Pleonectria 187, 188 
Pleospora 157, 158, 160, 162, 170 
Pleosporaceae 156 

Pleurage anserina (Ces.) Ktze. 177 

Plowrightia 169 

Plum-pocket 113 

Pluteus 290 

Podaxaceae 279 

Podocarpus 171 

Podospora anserina NiessI 177 

PoUia sorzogonensis Endl. 279 

Polyandromyces coptosomalis Thaxt. 253 

Polycarpicae 327 

Polymorphic 156 

Polymorphism 156 

Polyphagus 35, 36 

— euglenae Now. 36, 36, 37 
Polypodium virginianum L. 335 
Polyporaceae 202, 278, 279, 280, 284, 285. 

317, 318 
Polyporus 287 
Polystichum 351 
Polystictus 287 

— versicolor (L.) Fr. 263 

— xanthopus Fr. 287 
Polystigma 191, 213 

— rubrum (Pers.) DC. 191, 191 
Polystigmataceae 175, 191 
Polythrincium trifolii Schm. and Kze. 169 
Pomoideae 343 

Populus tremula L. 114 
Poria 287 
Poronia 197 

— punctata Fr. 197, 197 
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Portuiaca oleracea L. 67 
Potentilla canadensis L. 114 
Primula hirsuta All. 343 

— integrifoUa L. 343 

— viscosa All. 343 
Pringsheimiella 13 
Probasidium 282, 321, 338, 369 
Progametangium 84 
Protascales 131 
Protascomycetes 92, 93 
Protobasidiomycetes 259, 316 
Protobasidium 258 
Protogaster 297 

— rhizophilus Thaxt. 297 
Protohydnuni 319 

— cartilagineum Moell. 319 
Protomyces 115 

— pachydermiis Thuem. 116 
Protomycetaceae 115 
Protospore 76 

Primus 231, 346, 356 

— Padus L. 354 
PsaUiota 290 

— campestris (L.) Quel. 275, 278, 290, 291, 
292, 293 

Pseudobalsamia 242, 244 
Pseudoexospore 132 
Pseudoperidium 333 
Pseudoperonospora 64, 65 
Pseudopeziza 230 

— ribis Kleb. 229 
Pseudophyses 283 

Pseudosphaeriaceae 155, 155, 156, 163, 168 
Pseudosphaeriales 93, 141, 149, 154, 155, 
155, 171, 174, 185, 198, 199, 211 
Pseudothecium 156 
Puccinia 337, 355 

— aegopodii (Schum.) Mart. 345 

— arenariae (Schum.) Wint. 345 

— epilobii DC. 345, 346 

— graminis Pers. 329, 330, 331, 334, 336, 
343, 345, 357 

— helianthi Schw. 331, 335, 342 

— longissbna Schroet. 346 

— malvacearum Bert. 344, 345 

— orbicula P. and C. 342, 345 

— punctata Lk. 342 

— sedi Koern. 346 

— triticina Erikss. 329 


Puccinia veratri (DC.) Duby 346 
F^ucciniaceae 350, 352, 354, 355 
Pucciniastraccae 350, 351, 352, 353, 354 
Pucciniastrum 336, 353 

— epilobii (Pcrs.) Otlh. 352 
Pueraria Thunbergiana Bcnth. 21 
PufF ball fungi 307 
Pycnidium 167 

Pycnosis 172 
Pycnospore 156, 329 
Pycnothecium 173 

Pyrenomycetes 93, 140, 174, 175, 207, 215, 
216, 218, 221, 227, 237, 255 
Pyronema 220, 257 

— confluens (Pers.) Tul. 208, 209, 210, 210, 
213, 214, 218 

— domesticum (Sow.) Sacc. 211 
Pyromenaceae ,208, 209, 211, 213, 215, 216, 

218, 220, 222, 227, 228, 230, 236, 237, 
272, 284 
Pythiaceae 61 
Pythiopsis 57 

Pythium 30, 30, 61, 62, 63, 64, 67, 69, 70, 
73, 280 

— adhaerens Sparr. 62 

— anandrum Drechsl. 70 

— aphanidermatum (Eds.) Fitzp. 62 

— de Baryanum Hesse 62, 71 

— gracile Schenk 61, 62 

— graminicola Subr. 62 

— monospermum Pringsh. 61 

— periplocum Drechsl. 70 

— salpingophontni Drechsl. 62 

— ultimum Trow. 62 

Q 

Quercus 144, 146 

R 

Ramularia 163, 164 
Ranunculaceae 365 
Ranunculus Ficaria L. 333, 346 
Receptaculum 297, 309, 311 
Rhamnus Frangula L. 232 
Rhipidium 73 

— Thaxteri v. M. 72 
Rhizidiaceae 31, 32, 35, 39, 40, 42 
Rhizidiomyces 30, 31 

— apophysatus Zopf 30 
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Rhiiklhifu 35, 36, 45 
mycophilum A. Br. 36 
Rhiziua 22 1, 222 

- inflata (Schaeff.) Karst. 220 

- imclulata Fr. 220 
Rhizomorph 270, 271, 298 
Rhizomyces crispatu.s Thaxt. 252 
Rhizophidiaceae 31, 31, 32, 35, 39, 42 
Rhizophidiiun 14, 32, 33, 34, 34, 35, 40, 42 

- carpophilum (Zopf) A. Fisch. 30 
ovatum Couch 33, 33, 34 

— poUinis (A. Br.) Zopf 32, 33 
Rhizophlyctis 35 

— Petersenii Sparr. 36 
Rhizopus 74, 75, 77 

— nigricans Ehr. 75 
Rhodjcicndron 346 
Rhopalomyces 81 
Rhytisma 234, 235 

- punctatum Fr. 235, 236 
Ribes 336, 337, 354 

— Grossularia L. 144 

Rick id coptcngalis Thaxt. 254 
Rind 307 
Ring 291 

movable 291 
Rohinia 169 
Rosaceae 327 
Rosales 110 
Roscdlinia 194, 213 

— aqiiila (Fr.) de Not. 194 

— reticidospora Greis 195 
Rose rust 331, 335, 341 
Rozella 14, 16, 30 

— allomycis Foust. 16 
Rubus 151, 350 

— arcticus L. 350 

— saxatilis L. 350 
Rumes 346 

Russula citrina Gillet 278 
Rust 

— black 338 

— blackberry 334, 335 

— blister 336, 341, 354 

— cereal 336 

~ fern 328, 331, 336, 337, 338 

— fungi 282, 317, 325 

— grass 336 

— Malva 344 


Rust rose 331, 335, 341 

— sunflower 331, 335 
Rye 203 

S 

Saccharomyces cerevisiae Hans. 102, 105 

— eUipsoideus Hans. 105, 106 

— paradoxus Batsch. 106 
Saccharomycetaceae 94, 95, 98, 102, 103, 

104, 106, 107, no, 112, 113, 114 
Saccharomycetales 349, 362 
Saccharomycetes 95, 102, 275, 276 
Saccharomycodes Ludwigii Hans. 102, 106, 
106, 362 

Saccoblastia 324 
Saccobolus violaceus Boud. 213 
Salix 144 

Sanicula Menziesii H. and A. 41 
Saponaria 358 

Saprolegnia 13, 16, 55, 56, 57, 59, 72 
- ferax (Gruith.) Thur. 30 

— mixta de By. 56 

— monoica Pringsh. 59 
-- tondosa de By. 57 

Saprolegniaceae 25, 54, 55, 55, 59, 60, 61, 
67, 71, 72, 73, 88 
Sapromyces 73 
Sarcosphaera 222 
Schizonella 358 
Schizophyllum 293 

— commune Fr. 263, 265, 274, 295 
Schizosaccharomyces asporus (Vord.) Beij. 

105 

— octosporus 103, 104 
Schizosaccharomycetes 95, 103 

Sclerocystis 86 

— Dussii (Pat.) v. H. 86 
Scleroderma Borista Fr. 299 
Sclerodermataceae 297, 299, 302, 308 
Sclerospora 64, 65, 67, 69 

— graminicola (Sacc.) Schroet. 65 
Sclerotinia 237 

— conroluta (Whetz. and Drayt.) 237 

— fructicola (Wint.) Rehm 239 

— gladioli (Mass.) Drayt. 237, 237, 238 

— trifoliorum Erikss. 238, 238, 258, 268 

— urnula (Weinm.) Rehm 236 
Sclerotium 270, 271 
Scolecospore 200 
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Scrophulariaceae 341 
Secale cereale L. 365 

— cornuturn 203, 204 
Secondary sexuality 60 
Secotiaceae 279 
Seditm 346 
Sempervivum 348 

— tectorum L. 347 
Septohasidium 320, 322 

— apicidatum Couch 324 

— pseudopedicellatum Burt. 322, 325, 

326 

— septobasidioides (Henn.) Lloyd 324 
Septoria 164, 165 

Setae 283 
Sexuality 

— - secondary 60 
Simhlum 313 

— sphaerocephalum Schlecht. 313 
Siphonales 9, 55, 55 
Siphonogamy 59 

Skin 117, 118 
Slime-flux 95, 99, 106 
Smut 

— barley 356, 361 

— corn 361 

— covered 361 

— flower 361 

— oat 361 

— onion 366 

— stinking 365 

— streak 361 

— wheat 356, 361 
Smut fungi 317, 356 
Smut spore 355, 356 
Soil 258 

Solenia 284 

— anomala Pat. 284 
Solidago rugosa Mill. 336 
Somatogamy 100, 184, 214, 331 
Sorbus 343 

— aucuparia L. 235, 358 
Sordaria 185 

— anserina (Ces.) Wint. 177, 178, 182, 183, 
184, 185 

— Brefeldii Zopf 184, 184 

— coerideotecta Rehm 185 

— fimicola (Rob.) Ces. and de Not. 176, 
176 


Sordaria niacrospora Auersw. 177 

— inicola Viala and Mars. 184 

— zygospora Speg. 186 

Sordariaceac 156, 175, 176, 178, 184, 185, 
209, 215, 233 
Sorosphacra 23, 25 

— veronicae Schroet. 25 
Sorosporiunt 358 
Sparassis 285 

— spathidata (Schw.) Fr. 285 
Spathidaria 240, 241 

— velutipes Cke. and Farl. 241 
Spergida marina (Wahlb.) Loeffl. 69 
Spermatium 167, 329 
Spermatization 167, 207, 211, 330 
Spermogonium 167, 329 
Spennophthora gossypii Ashby and Now. 

107, 107, 108, 108, no 
Spermophthoraceae 94, 95, 107, 109, 110, 
112, 114 

Sphacelia segetum Lev. 203 
Sphaccdotheca 358 

Sphaeriales 93, 135, 156, 174, 175, 192, 197, 
198, 199, 207, 211, 212, 213, 214, 233, 
234, 294 

Sphaerobolaceae 297, 299, 302 
Sphaerobolus 302 

— steilatus (Tode) Pers. 296, 302, 303, 304 
Sphaerocladia 45, 46, 47, 48, 105 

— variabilis Stueb. 45 
Sphaeropsidales 371 
Sphaerosoma 222, 242, 242, 243 
Sphaerostilhe aurantiicola (B. and Br.) Petch 

188 

Sphaerotheca 145, 147 

— fuliginea (Schlecht.) Salm. 143, 145 

— humidi (DC.) Burr. 142, 143 

— mors-itvae (Schw.) Berk. 144 
Sphagnum 26 

Spirogyra 21, 34 
Spongospora 23, 25 
Sporangiole 256 
Sporidium 367, 368 
Sporobolomyces 360 
Sporocarps 86, 262 
Sporodinia 11 

— grandis Link. 83 
Sporodochium 190 
Sporormia 158, 160 
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Sporormia bipartis Cane 158 

— leporina MiessI 160 
•— Pollaccii Elisei 159 
Sporotricfmm 190 
Stag truffle 134 

Stem wilt disease of clover 238 
Stephensia 242 

— bombycina (Vitt.) Tul. 244 
Stereum 284 

— hirsutum (Willd.) Fr. 270 

— purpureum (Pers.) Fr. 263 

— vellereum Berk. 283 
Sterigma 122 

Stevensia Wrightii (B. and C.) Sacc. 151, 
151 

Stigeoclonium 33 
Stigmatea Robertiani Fr. 171 
Stigmateaceae 171 
Stigmatomyces Baeri Peyr. 249, 250 

— sarcophagae Thaxt. 252 
Stinking smut 365 
Stolon 75 

Streak smut 361 
Stroma 

— apothecial 234, 235 
Stromatinia 237 
Stropharia 290 
Subhymenium 223 
Subiculum 187 
Sunflower rust 331, 335 
Superae 242, 243, 246 
Synascomycetes 92, 115 
Syncephalastrum 79, 256 

— cinereum Bain. 78 
Syncephalis 79, 85 

— aurantiaca Vuill, 79 

— pycnosperma Thaxt. 79 
Synchytriaceae 13, 16, 22 
Synchytrium 16, 19, 19, 20, 21, 25, 37, 77 

— aureum Schroet. 19, 20, 21 

— decipiens Farl. 19, 21 

— endobioticiim (Schilb.) Perc. 16, 17, 18, 
19, 19, 22 

— fulgens Schroet. 19, 20, 20 

— puerariae Miy. 19, 21 

— taraxaci de By. and Wor. 19, 19, 20 
Synkaiyon 110, 340 

Systremma 169 

— ulmi (Schleich.) Th. and Syd. 169 


T 

Taphrina 280 

— aurea (Pers.) Fr. 114 

— coryli Nish. 114 

— (Berk.) Tul. 112,113,113,119, 
128, 138, 281, 345 

— epiphylla Sadeb. 110, 111, 111, 113, 360 

— Johansonii Sadeb. 114, 268 

— potentillae (Farl.) Joh. 114,114. 119.267, 
268 

— primi Tu\. 113 

Taphrinaceae 112, 255, 258, 268, 359 
Taphrinales 75, 92, 110, 114, 115, 118, 120, 
126 

Taraxacum 19, 143 
Tar-spot disease 235 
Teichospora 156 

— salicina (Mont.) Am. 157, 160 
Teleutospore 282, 338, 352, 356 
Teosinte 40 

Tertiary 327, 354 
Teiramyxa 23, 25 
Tetrapolarity 262, 263 
Thalictrum 329 
Thamnidiaceae 80 
Thamnidieae 74 

Thamnidium chaetocladioides Bref. 80, 80 

— elegans Link. 80, 80 
Thamnomyces 197 

— Chamissonis Ehrbg. 197 
Thecium 218 
Thekopsora 353 

— areolata (Fr.) Magn. 354 
Thelephora 284 

Thelephoraceae 278, 278, 283, 284 
Thielavia 122, 135, 177 

— basicola Zopf 124 

— Sepedonium Em. 128, 128 
Thraustotheca 57, 60 

— clavata (de By.) Humph. 58 
Thyriothecium 174 
Thyronectria 187, 188 

^—< denigrata (Wint.) Seav. 187, 189 
Tilletia 364, 366, 367 

— controversa Kuehn 365 

— decipiens (Pers.) Wint. 365 

— tritici (Bjerk.) Wint, 363, 364, 365, 366 
Tilletiaceae 357, 364, 365, 366, 367 
Tomentella 282 
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Torula 75 

Tragopogon 68, 361 
Trama 297 
Trametes 279, 287 

— qiiercina (L.) Pil. 288 

— radiciperda Hart. 262 
Tranzschelia 354 

— fusca (Relh.) Diet. 345, 346 

— pnmi spinosae (Pers.) Diet. 346, 356 
Tremella 318 

— fuciformis Berk. 318 

— mesenferica Retz. 319 
Tremellales 260, 317, 320, 369 
Tremellodon 319 

— gelatinosum (Scop.) Pers. 318, 320 
Trenomyces histophthorusChM. and Pic.247 
Trichocoma 1 32 

~ paradoxa SungVi. 133 
Trichoghssum 240 

— hirsuturn (Pers.) Bond. 241 
Trichogyne 131, 253 
Trichohma 289 
Trichophyton 11 8 

Tri folium 143 
Triphragmium 355 

— Ulmariae (Schum.) Link 342, 357 
Tripospora tripos (Cke.) Lind. 171 
Truffles 134, 241, 244, 245 

— stag 134 
Tuber 244, 246 

— aestivum Vitt. 241, 245 

— hrumale Vitt. 241, 242, 245, 245 

— excavatum Vitt. 242, 245, 245 

— rufum Pico 245, 245, 246 

Tuberales 93, 134, 228, 241, 242, 242, 244, 
246, 253, 255, 298 
Tubercularia 190 
Tuburcinia 365 
Tulasnella 259 
Tulostoma 296 

— mammosuni Fr. 301 
Tulostomataceae 297, 299, 301 
Tylostoma 301 

Tvphula 264, 265, 268, 285, 332 

— trifolii Rostr. 183 

U 

Ubiquariae 242, 243, 245, 246 
Ulmaria 342 


Uncinula 147 

— aceris (DC.) Saco. 144, 146 

— - salicis (DC.) Wint. 144 
Unipileate type 296, 297, 298, 313 
Uredinales 260, 317, 324, 325, 326, 350 
Uredinella 320, 322, 324, 327 

— coccidiophaga Couch 325 
Uredinopsis 326, 353 

- mirabilis (Peck.) Magn. 331 
Urnula 222 

- Geaster Peck 222 
Urocvstis 365 

- anemones (Pers.) Wint. 365, 366 

— cepulae Frost 366 

— occulta (Wallr.) Rabh. 365, 367, 368 
Uromyces 337, 355 

— alpestris Tranzsch. 346 
cacaliae (DC.) Wint. 346 

— caricis sempervirentis Fisch. 346 

— ervthronii (DC.) Pass. 334 

— Ficariae (Schum.) Lev. 345, 346, 346 

— hedysari obscuri (DC.) Wint. 343 

— laevis Koern. 347 

- phyteumatum (DC.) Ung. 346 

— poae Rabh. 333 

— primulae Fckl. 343 

— primulae integrifoliae (DC.) Niess! 343 

— proeminens (DC.) Lev. 346 

— rumicis (Schum.) Wint. 346, 346 

— scrophulariae (DC.) Fckl. 343 

— scutellatus (Schrank.) Lev. 345, 346 

— striatus Schroet. 357 
veratri (DC.) Wint. 346 


Uromvcladium 327 
Uromycopsis 343 
Umphlyctis 41 

— alfalfae (Lagh.) Magn. 41 

— pluriannulatus (B. and C.) Farl. 41 
Ustilaginaceae 357, 358, 362, 366 
Ustilaginales 260, 317, 324, 355, 356, 357, 

367, 368 

Ustilago 357, 367 


uvcnuff jciib 


\ - ~ r - - -- — - - 

bromivora (Tul.) F. v. W. 360, 3f 
hordei (Pers.) Kell, and Sw. 356, 36 
362 ' » 

levis (K. and Sw.) Magn. 361, 3^2 * 
longissima (Sow.) Tul. 361,362, 362, 
364 
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Ustihgo mula (Jens.) Kell, and Sw 361 
362, 362, 363 

— perennans Rostr. 362 

— scabiosae Sow. 359, 363 

— tragopogonis Schroet. 361, 362 

— nitici (Pers.) Jens. 356, 361, 362, 363 

— violacea (Pers.) Fckl. 358, 359, 359, 360 
361, 362, 363 

— zeae (Beckm.) Ung. 360, 361 
UstiiUna 196 

— BuUiardi TuX. 197 

— yiilgaris Tul. 195, 196 


Vuilleminia 281, 283, 321 

— comedens (Nees) Maire 283 

W 

Wheat smut 356, 361 

Whip-like flagellum 27 

Witch’s broom 110, 111, 280 
Wood 

— decaying 208, 318 
yVoronina 28 
Wrinkled scab 169 


V 

Vaccinium uliginosum L. 235 
Vaha 198, 199 
Valsales 198 
Vaucheria 55 
Vaucheriaceae 55 
Veil 224, 315 

— universal 293 
Velum 224, 240 
Venae 

- externae 244, 245 

— internae 244 
Vent aria 156 

— inaequalis (Cke.) Wint. 157 
Veratrum 346 

Verpa 225 

— bohemica Krombh. 226 
VerticUUum 190, 204 
Viburnum 168 

Vida unijuga A. Br. 14 
Vitis 163 
Volva 240 


X 

Xylaria 197 

— Hypoxylon (L.) Grev. 196 
—^polymorpha (Pers.) Grev. 197 
Xylariaceae 175, 192, 193, 201. 207 


Yeast 

— baker’s 105 

— brewer’s 105 
—Tungi 93 



Z 

Zodiomyces vorticellarius Thaxt. 248, 24> 
249 

Zoidiogamy 59 
Zoophagus 62 
Zygogamy 86 

Zygomycetes 30, 54, 71, 73. 74, 74. 88, 89, 

94, 95, 97, 109. 120, 241, 253, 255, 256 
Zygorhizidium 42 

— Willei Loew. 42 

Zygorhynchus 77, 85 

Zygosaccharomyces 104 



Ulim IQBQL LIBRARY 



34857 



